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The Relations between Segregation Structure 
and Porosity in Chill-Cast and in Sand-Cast 


Ingots of 10° Tin Bronze 


By W. T. Pell-Walpole, B.Sc., Ph.D., A.I.M., and V. Kondic, B.Sc., Ph.D. 
The extent and type of segregation in a chill-cast 10%, tin-bronze ingot has been studied 


and compared with that of a sand-cast ingot. 


The ingot, degassed and poured under 


optimum conditions for soundness into a water-cooled copper-faced mould, exhibited 

‘marked inverse segregation, increasing in severity from the base to the top of the ingot. 

An explanation for this type of segregation is given, and it is shown that segregation in a 

-sound ingot of this type can be reduced by annealing at a temperature of 800° C. Compari- 

son is made with a sand-cast ingot of similar composition and poured under the same 
conditions. 


EGREGATION in tin-bronzes has received a 
great deal of attention in the past,*-*5 but most 
of the earlier work was concerned with ingots 

which were porous, from the effects either of shrinkage, 
or of gas evolution, and the occurrence of inverse 
segregation in such ingots was generally considered to 
be clesely related to the formation of the porosity. 
Recently, however, improved control of melting and 
casting operations’: have enabled chill-cast ingots 
to be produced sensibly free from the effects of either 
gas or shrinkage porosity. The extent and type of 
segregation in such an ingot has now been studied and 
compared with that of a sand-cast ingot which absorbs 
gas from the mould durirg pourirg. Structural varia- 
tions and porosity distribution have been correlated 
with the segregation in these ingots, and an explanation 
of the mechanism of segregation in each ingot is 
advanced, 

Experimental— Melting.— Melts of 20 Ib. each were 
prepared from charges, consisting of equal parts of 
heavy scrap 10% bronze and of virgin metals (cathode 
copper, Chempur tin), in Salamander pots in a gas-fired 
pit furnace. An oxidising flux, containing cupric 
oxide 1, dried sand 2, fused borax 2 parts by weight, 
was charged with the metal. When the charge was 
molten the flux was drawn aside and the required tin 
added. The melt was allowed to superheat to 1,250° C., 
and then withdrawn from the furnace: the flux was 
thickened with dried sand and removed completely 
from the metal surface. The deoxidant, 0-075% 
phosphorus as 15% phosphor-copper, was added and 
stirred well into the melt. This treatment cleared the 
surface of each melt completely and no oxide skin was 
formed during pouring. Temperatures were measured 
with a Chromal-alumel thermocouple; each melt being 
cooled to 1,180° C. before casting. 

Casting. —The moulds, designed to give ingots measur- 
ing 12 in. x 6 in. x 1 in., were: (a) A water-cooled 
copper mould ; and (b) a mould prepared in Stourbridge 
sand with walls 5 in. thick, arranged for vertical open- 
top pouring. No feeding head was provided with (6) 
since it was desired to produce the sand-cast ingot under 
conditions identical with those used for the chill casting. 
The sand mould was baked for 12 hours at 300°C. 
immediately before casting. The copper mould was 
used at 20°C. and was dressed lightly with a 50/50 
mixture of tallow and powdered charcoal. 
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Each melt was poured through a Salamander funnel 
with a - in. bore steel tube inserted in the base. This 
ensured a constant flow of metal at the minimum rate 
required to fill the chill moulds without cold shuts, and 
thus ensure an ingot free from the harmful. types of 
shrinkage cavity. For comparison purposes the same 
rate and temperature of pouring were used for the sand 
casting, although it was realised that a sounder ingot 
would have been obtained with a much lower pouring 
temperature. Each mould was filled in 55 seconds—i.e., 
the pouring rate was 22 lb./min. 


Examination of Ingots 

The ingots were sectioned for examination as shown in 
Fig. 1. Segregation was studied by analysirg successive 
layers machined from the edges and middles of the ingot 
faces. Since the molten metal cools appreciably between 
the commencement and the end of pouring, and little 
penetration occurs with the slow pouring rate used and 
rapid solidification obtained, it follows that there is in 
effect a decrease in pouring temperature from bottom 
to top of the chill-cast ingot. The effect of this variation 
was studied by analysing samples taken from the edges 
and middles at positions 1 in., 4 in., 7 in. and 11 in. 
from the base of the chill ingot. In the sand-cast ingot 
the metal remains molten much longer and the effects of 
the pouring stream penetrate further down the mould 
so. that the effective variation in temperature is much 
less. Samples from this ingot, therefore, were taken at 
positions 5 in. and 10 in. from the base. 

The average composition of each melt was obtained 
by analysing samples machined from the whole horizon- 
tal section at distances of 4 in. and ]! in., respectively 
from the base, and is given in Table 1. 

TABLE I.—OHEMICAL ANALYSES OF SAMPLES FROM FULL CROSS SECTION OF INGOTS 


Distance of 
from Tin horus 
Mould Base % 
90-30 
90°35 
Water-cooled copper. . 4 in. 9-68 0-018 
90-32 
90-33 
90-30 
90-32 
1lin. 
90-33 
90-32 
Dry Sand . 5in 9-71 0-018 90-28 
10 in. = 90-28 
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TABLE LU.—DENsITY AND HARDNESS VARIATION THROUGH CHILL- AND SAND-CAST INGOT SEC!ION. 
(For position of specimens in ingots see Fig. 1). : 


Thickness Specimen 5C 


Specimen 5A 
atter 
machining 

(in.) Density of Density of | Density of Density of 

layer remainder D.P.H. | layer remainder 
8-90 8-90 105 8-88 
0-72 8-90 8-90 105 S-S9 S-S8S 
0-30 &-90 8-90 103 
0-16 8-90 8-90 103 8-87 


In order to determine the effects ot annealirg on 
segregation, sections adjacent to those analysed in the 
as-cast conditions were annealed for 16 hours at 700° C. 
or 800° C., then analysed in layers as for the cast speci- 
mens. 

All chemical analyses were performed by electrolytic 
determination of the copper by Hammonds® method, to 
an accuracy of 0-02%,. ; 

Density determinations were made on the 36 speci- 
mens A, B, C, 1-12 (see Fig. 2). Variations in density 
and hardness throughout the thickness of the ingots 
were examined by machining successive layers from 
both faces and determining the density and hardness of 
the remainder. Results are given in Table IT. 
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Fig. 1.—Sectioning of ingots for examination. 


Tensile tests were made on each ingot using vertical 
specimens cut from the upper halves of the ingots as 
shown in Fig. 2. These were annealed for 4 hours at 
750° C. before testing, to remove the 5 constituent. 

Macrostructures and microstructures of vertical and 
horizontal sections, respectively were examined along 


PQ, RS in Fig. 1. 


Experimental Results 


Segregation.—The average copper contents of the 
whole cross-section at various positions throughout the 
face of the ingots are shown in Figs. 3a and 3b. Both 
chill- and sand-cast ingots show very slight inverse 
segregation in this direction, from 0-1-0-25% copper 
in the case of the chill-, and 0-05-0-1% copper in the 
sand-cast ingot. There is no regular variation from 
bottom to top of the ingots. 

The variations through the cross-section of the ingots 
from face to centre are of a much higher order as might 
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Sand-cast imcot 
Specimen 6A Specimen 6C 
Density of Density of Density of Density of 
D.P.HH. layer remainder D.P.H. layer remainder 
8-66 100 8-47 100 
8-90 S-64 ot 8-45 $7 
1g 8-70 8-55 x7 8-55 8-27 
8-57 8-53 85 8-35 8-20 
06 8-55 8-18 $2 
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(a) Copper-mould ingot. (b) Sand-cast ingot. 
Fig. 2.—-Variation of density and tensile properties. 


be expected from the greater temperature gradients in 
this direction. In the edge samples of the copper-mould 
ingot (Fig. 5a), tin content falls continuously from 
surface to centre of the section, and the extent of this 
inverse segregation increases slightly from bottom to top 
of the ingot in each layer analysed. In samples taken 
along the vertical axis of this ingot tin content falls 
from the surface to a depth of 0-3-0-4 in. then rises 
slightly to the centre of the section. (Fig. 5b). 

In the sand-cast ingot (Figs. 4a, b) the tin-content 
decreases from the surface to a depth of 0-1 in. (normal 
segregation) then increases towards the centre (inverse 
segregation). 

The Effect of Annealing on Segregction.—Annealing at 
700° C. reduces the extent of segregation only slightly 
in either chill or sand-cast ingots, but at 800° C. (meta- 
stable solidus temperature of 10°, tin bronze) diffusion 
must proceed much more rapidly, for after 16 hours at 
this temperature the extent of segregation in an edge 
specimen from the chill-cast ingot is reduced from 
0-6-0-2°%, of tin. (See discontinuous curves Figs. 4, 5) 


Macrostructures 


The macrostructure of a horizontal section of the chill 
cast ingot shows a central area of coarse equi-axed 
crystals surrounded by a zone of fine columnar crystals 
and an outer ring of fine chill equi-axed crystals (Fig. 6a). 
In vertical section the columnar zone is more marked 
and regular at the base (Fig. 6b) decreasing towards the 
top of the ingot (Fig. 6c), as a result of the gradual fall 
in metal temperature during pouring. At the top centre 
of the ingot is a small zone of porosity, corresponding 
with incomplete feeding at the end of solidification. 

The macrostructure of the sand-cast ingot consists of 
very coarse uniform equi-axed crystals throughout both 
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horizontal and vertical sections (Figs. 7a, b, ¢) indica- 
ting that solidification occurred uniformly throughout 
the ingot. There is no porosity visible at the top, as in 
the case of the chilled ingot, suggesting that solidification 
did not finish there. 
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(a) Copper-mould ingot. (b) Sand-cast ingot. 
Fig. 3.—Distribution of copper content over face of ingot. 


Microstructures 


The chill-cast ingot is entirely free from micro-porosity 
except for uniformly distributed fine pinhole shrinkage 
cavities associated with the 5, and the small zone of 
porosity at the top centre already noted in the macro- 
structures. 

In the region of the chill equi-axed crystals the 
(a + 8) eutectoid exists as extensive intercrystalline 
films (Fig. 8). These become thinner and less continuous 
from the surface to the interior of the zone. The form 
of the coring also varies from surface to interior (Figs. 
8-10). Inthe columnar zone the amount of 5 decreases 
markedly from surface to centre, and in the central 
equi-axed zone occurs only as discontinuous pools at the 
grain-junctions, but there are small isolated areas 
abnormally rich in eutectoid at the middle of the rolling 
surface (Fig. 11). The sand-cast ingot contains but little 6, 
present in isolated pools (Fig. 12) confirming that this 
ingot cooled very slowly. There is some fissure and 
cavity porosity present throughout the ingot but 
increasing markedly from surface to centre. (Fig. 13). 


Density 


There is a very slight fall from edge to middle of the 
copper-mould ingot and a very severe fall in a restricted 
zone at the top-centre of the face, corresponding to the 
observed local porosity in macrostructure and micro- 
structure and confirming that solidification proceeds 
mainly from bottom to top of this ingot. 

In the sand-cast ingot the density variations across 
the face are much greater. Density is highest (8-74— 
8+77) along the bottom, edges and top of the ingot, but 
falls rapidly from all directions towards the centre, 
indicating that solidification proceeds inwards from the 
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top air surface as well as from the sand walls. Such 
mode of solidification is bound to produce serious 
shrinkage cavities at the centre of the ingot. 

The mean densities of the ingots are 8-88 when cast 
in the copper-mould, and 8-60 in the sand-mould. It i, 


3 + 3 


Distonce trom (inches) Distonce from Face (inches) 


(a) Edge specimen. (b) Central specimen. 
Fig. 4.—-Segregation of sand-cast ingot. 


probable that the cavities in the sand-mould ingot are 
partly caused by expulsion of hydrogen during soli@ifica- 
tion, for although each melt was degassed, it is known 
that molten bronze can absorb hydrogen by reaction 
with the moisture from sand-moulds” * This is dis- 
cussed later with reference to inverse segregation. 

The densities of thin layers machined: successively 
from the surface of edge and central specimers from 
copper-mould and sand-cast ingots are shown in Table IT. 
In the chill ingot, density is uniform across the lateral 
section both in central and edge specimens, but in the 


3 s 

from Face (inenes) 

(a) Edge (A) specimens (b) Central (C) specimens 
through thickness. through thickness. 
Fig. 5.—Segregation of copper mould ingot. 


Distence from foce (inches) 


2 
Distorce 


sand-cast ingot density falls severely from surface to 
centre of the section. It is notable that the density of 
surface layers from the edge specimens is of the same 
order as the density of chill-cast metal, although the 
bulk density is much lower. These results are such as 
might be expected from the macrostructures—i.e., no 
variation in the density cf the fully fed chill equi-axed 
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(a) At horizontal section. (b) Lower } of vertical section. 
(c) Upper 4 of vertical section. 


Fig. 6.—Macrostructures of copper mould ingot. 


or columnar regions, but a decrease from surface to 
centre of the incompletely fed, coarse equi-axed crystals 
of the sand-cast ingot, the central part of which is also 
impaired by absorbed gas. 


Mechanical Properties 


In the chill-cast ingot the tensile properties across the 
face (Fig. 2) vary only from 24-5 tons/sq. in., 18% 
elongation at the edge, to 23-0 tons/sq. in., 12% 
elongation at the middle, while in the sand-cast ingot, 
there is a sudden fall from 16-0 tons/sq. in. 20% elonga- 
tion, ‘at the edge to 10 tons/sq. in., 8% elongation, in 
the intermediate specimen and to 8 tons/sq. in., 4% 
elongation, in the middle. These variations, and the 
relative values of chill and sand-cast metal, are in line 
with the observed density values across the faces of the 
ingots (see Fig. 2). 

Hardness variations through the cross sections of the 
ingots are shown in Table II. In the copper-mould ingot 
the hardness of the edge specimen varies only from 106 
at the surface to 103 at the centre of the section. In the 
specimen from the middle of the ingot the fall is slightly 
greater, from 110-96. These variations are clearly due 
to the decrease in quantity of the hard 8 phase from 
surface to centre, since there are no corresponding 
variations in porosity. 

In the sand-cast ingot the variations of hardness from 
surface to centre are of a much higher order, from 
100-85 D.P.H. at the edge, and from 100-72 D.P.H. 
in the middle. These variations are too great to be 
caused by the relative amounts of 5 present, since the 
distribution of this phase varies less in the sand-cast 
than in the chillingots, They must be related, therefore, 


(a) At horizontal section. (b) Lower } vertical section. 
(c) Upper } vertical section. 


Fig. 7.—Macrostructures of sand-cast ingot. 


to the increase in porosity from surface to centre indi- 
cated by the density values for this ingot (also shown in 
Table If). 


Discussion of Results 


(a) The Mechanism of Inverse Segregation in the Chill- 
cast Ingot.—The segregation in the chill-cast ingot cannot 
be accounted for satisfactorily by the older theories 
since solidification proceeds simultaneously with pouring, 
and no cavities are formed either as a result of gas 
evolution or of contraction on solidification. The 
variations in composition can, however. be explained 
from a consideration of the mechanism of solidification 
in the ingot. The slow pouring rate used ensures very 
little turbulence during pouring and maintains a shallow 
liquid head and pasty zone. Solidification proceeds 
by the displacement of this zone inwards from the surface 
and upwards from the base. This is shown by the 
inclination of the columnar crystals in Figs. 6b,c. The 
pasty zone at any period during the formation of equi- 
axed crystals may be considered as consisting of two 
regions—an inner hotter region in which small crystals 
are entirely surrounded by liquid, and a cooler outer 
region in which the growing crystals are in contact with 
each other. In the hotter region the contraction due to 
solidification can be compensated by mass movement 
with no resultant local variation in composition, but in 
the cooler region the contraction on solidification can 
only be compensated by an outflow of liquid from the 
hotter region along the interstices of the skeleton crystal 
mass, under the hydrostatic pressure of the liquid head 
within the mould. The movement of this liquid (richer 
in tin than the solid crystals) must cause a depletion of 
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Fig. 9.—Structure of copper- 
mould ingot midway between 
edge and centre. x 300. 


Fig. 8.—Structure of 
copper-mould ingot 
at edge. x 300. 


tin content in the inner region, and as it moves along 
the crystal interstices, through a falling temperature 
gradient it must deposit a solid of continuously increasing 
tin content. 

As the temperature falls and the completion of solidi- 
fication progresses inwards, the inner regions in turn 
receive an inflow of tin-rich liquid from the centre. 

In a region of the ingot in which columnar crystallisa- 
tion occurs, mass feeding is impossible, hence the whole 
contraction on solidification must (since no cavities are 
formed) be compensated for by the same process of 
intercrystalline feeding, with a gradual increasing tin 
content along the periphery of the columnar crystals 
from the interior towards the surface. 


Solidification along the vertical axis of the ingot occurs 
by the formation of independent nuclei which grow to 
form coarse equi-axed crystals. (See Fig. 6a). Feeding 
in this region must take place from above vertically 
downwards so that when the centre of the top of the 
ingot solidifies no further feed liquid is available to 
compensate for the contraction, and intercrystalline 
cavities occur, as shown in the macrostructure of the 
vertical section (Fig. 6c). 

Thus, during solidification of any region in the interior 
of the ingot there occurs (1) a depletion of tin content 
during the early stages of solidification in that region, 
due to the feeding away of tin-rich liquid to the cooler 
regions and (2) an increase in tin content in the later 
stages of solidification due to the influx from hotter 
regions of a tin-rich liquid. The final composition in any 
region will be determined by the. balance of these two 
effects. 

The depletion process does not occur in the surface 
layer, but should have a constant effect throughout the 
interior of the zone of equi-axed crystals and a more 
severe effect throughout the zone of columnar crystallisa- 
tion in which no mass feeding can occur. The amount 
of feed-liquid received by the columnar zone should also 
be greater than that received by the equi-axed zone 
but in addition to this effect the composition of the feed 
liquid will vary throughout the ingot according to the 
local variations in the rate of cooling. In general the 
rate of cooling decreases from mould face to the axis and 
increases from base to top of the ingot (due to the 
effective fall in pouring temperature during the filling 
of the mould). 
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Fig. 10.—Structure of Fig. 11.—Structure of coppere 
copper-mould ingot at mould ingot on surface(a + 5) 
centre. x 300. at middle of rolling face. x 300. 


Considering a horizontal section through the equi- 
axed crystal zone of the solidify ing ingot, cooling is most 
rapid at the surface, the a solidus is displaced severely 
towards the copper-rich end of the system, and towards 
the end of solidification, the liquid reaches the peritectic 
composition and temperature. As this liquid solidifies 
to form f the shrinkage on solidification must be com- 
pensated for by the influx of a feed-liquid of peritectic 
composition (since the temperature and composition of 
the feed-liquid must be the same as that which is 
solidifying in this region). This effect will clearly cause a 
marked increase in tin content in this region, and since 
there was no depletion of this layer during the earlier 
stages of solidification the final tin content must be 
much higher than the average tin content of the melt. 

Proceeding inwards from the ingot surface, tempera- 
ture gradients become more shallow, and diffusion occurs 
more readily. Thus when the crystals reach the stage 
at which intercrystalline feeding occurs, the system is 
displaced much less from equilibrium conditions (i.e., 
the intersticial liquid has a much lower tin content) than 
in the surface layers at an equivalent stage of solidifica- 
tion. Hence, as this liquid solidifies the contraction is 
compensated for by a feed-liquid of lower tin-content 
than that which fed the surface layers. There is, there- 
fore, a smaller increase in tin content, and since this 
region suffered depletion during the earlier stages of 
solidification, the final tin content is much lower than 
that of the surface layer. From the actual analytical 
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Fig. 12.—Structure of ig. 13.—Structure of 
sand-cast ingot at edge. sand-cast ingot at 
x 150. centre. x 150 


results it is clear that at a depth of about 0-2 in. from 
the surface, the depletion effect (A) is exactly balanced 
by the feed effect (B) since the final tin content 9-7%, 
is the same as the average tin content of the melt. 
Further in towards the centre with slower cooling and 
more diffusion the feeding effect does not compensate 
for the depletion effect, and the final tin content is less 
than the average tin content of the melt. 

By consideration of inverse segregation in relation to 
cooling rate and mode og crystallisation in other parts 
of the ingot, the following experimental observations 
can be explained satisfactorily. 

1. In the zone of columnar crystallisation, where 
temperature gradients are steepest, and where all the 
contraction on solidification must be compensated for 
by interdendrivic feeding, inverse segregation is more 
severe than in the equi-axed zone, in which the tempera- 
ture gradients are not so severe, and wherein some mass 
feeding can occur. 

2. In the axial zone of coarse equi-axed crystals, 
where, in addition to the mass-feeding effect, cooling is 
slowest so that diffusion is much more effective, there is 
a local reversal from inverse to normal segregation 
although the final tin content at the centre line is less 
than the average tin content of the melt. 

3. The increase (from the base to the top of the ingot) 
in the extent of lateral inverse segregation is in accord 
with the increasing rate of solidification caused by the 
effective lowering of the pouring temperature which 
occurs during the slow filling of the mould. 

4. The slight exudations found at the centre of the 
mould face in the zone of columnar crystallisation can 
be explained with the single assumption, that a gap is 
formed at this region between the mould face and the 
ingot crust during solidification due to warping of the 
mould face. The formation of such a gap at a stage 
when there was still intersticial liquid left between the 
interstices of the columnar crystals would induce the 
liquid to flow into the gap under the hydrostatic pressure 
of the liquid head in mould, in the same manner as the 
flow already described which prevents the formation of 
shrinkage cavities. Since the temperature at the mould 
face must be lower than at any point within the ingot, 
this feed liquid which enters the gap must have a tin 
content not lower than that of the peritectic composition. 
It will, therefore, solidify as 8, or as a mixture of 8 and 
y, and on subsequent cooling will decompose to the 
brittle (a + 8) eutectoid. 

Explanations of inverse segregation depending on 
intercrystalline flow have been advanced and supported 
by many investigators'®'* *4 since the original theory 
of Bauer and Arndt,!° but in most cases the ingots used 
in these investigations were porous, from the effects 
either of gas evolution or of contraction solidification , 
and the porosity was generally related to the occurrence 
of inverse segregation. The explanation advanced above 
accounts for the occurrence of inverse segregation in a 
chill casting of an alloy of wide freezing range and which 
contracts on solidification, without the formation of 
either gas or shrinkage cavities. 

(b) The Mechanism of Inverse Segregation in the 
Sand-cast Ingot.—There is no change in density in the 
surface layer accompanying the normal segregation, 
but in the region of inverse segregation density varies 
steeply in the same direction as tin content— i.e., there 
is an increasing volume of cavities corresponding to the 
decrease in tin content from surface to centre. 
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The macrostructure of a horizontal section (Fig. 7c) 
shows that the surface layer of crystal grains extends to 
a depth approximately equal to the distance over which 


normal segregation occurs. If it is assumed that this 
outer layer of crystals grows from the sand wall inwards, 
then the segregation is such as would be expected from 
the normal process of differential solidification. The 
microstructure shows that due to the very siow cooling 
rate, diffusion occurs to a much greater degree than in 
the chill castings, so that the feeding required for com. 
pensation of contraction on solidification of the inter- 
crystalline liquid would not be likely to raise the tin 
content appreciably. 

In the interior of the ingot the rate of cooling is even 
lower, temperature gradients are very shallow and 
diffusion occurs to a very considerable extent as shown 
by the small amount of 8 (in the microstructures,) 
(Figs. 12-13). Clearly the inverse segregation in this 
case cannot be satisfactorily accounted for by the feeding 
process described for the chill ingot. In the sand-cast 
ingot, however, the effects of evolution of gas during 
solidification must be considered. Although the metal 
was degassed during melting, nascent hydrogen can be 
reabsorbed by reaction between the bronze and the 
moisture in the sand. The dissolved gas would tend to 
concentrate in the residual liquid metal in the interior of 
the solidifying ingot (density measurements showed that 
solidification proceeds from all surfaces towards the 
centre). At a relatively late stage in solidification, 
probably when the outer layer of metal was completely 
solidified, expulsion of the gas would commence, and 
would continue until the end of solidification. The 
expelled gas would force the tin-rich liquid outwards 
from the centre as far as the completely solidified outer 
crust, causing the observed variation in tin content and 
itself forming cavities and fissures decreasing in extent 
from the centre of the ingot towards the walls. 

There is much evidence in the literature® !%*> of 
inverse segregation being caused by this process, and 
in the present case it explains satisfactorily the variations 
in composition and density, and the observed increase 
in cavities and fissures from surface to centre of the 
section. 


Conclusion 


An ingot of 10% tin-bronze, degassed and poured 
under optimum conditions for soundness into a water- 
cooled copper-faced mould, exhibits marked inverse 
segregation, which increases in severity from the base 
to the top of the ingot. The inverse segregation is more 
severe in the zone of columnar crystallisation than in 
the zone of “ chill” equi-axed crystals at the edges of 
the ingots, and slight surface exudations occur in the 
former zone. In the restricted axial zone of coarse 
equi-axed crystals there is a reversal to slight normal 
segregation. There are no appreciable variations in 
porosity or properties, accompanying these changes in 
compositions, but microstructures show that the 34 
constituent is greatest in quantity and shows a more 
definite tendency to form continuous intercrystalline 
films in the regions of highest tin content. 

The segregation in this ingot is explained by a con- 
sideration of the effect of cooling rate on the constitution 
of the bronze, in relation the internal intercrystalline 
feeding which must occur continuously throughout 
solidification of the ingot to compensate for the con- 
traction on solidification. The segregation in a sound 
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ingot of this type can be very greatly reduced by subse- 
quent annealing at a temperature of 800° C. 

An ingot of the same composition, degassed and 
poured under the same conditions into a sand mould 
shows normal segregation and high density in the 
surface layer, but marked inverse segregation with a 
corresponding variation in porosity in the interior. The 
whole structure consists of coarse equi-axed grains with 
very little 5 constituent. 

In this ingot it is concluded that inverse segregation 
resulted from an outflow of tin-rich liquid from the 
centre at a relatively late stage of solidification caused 
by the evolution of hydrogen which had been absorbed 
from the sand mould during pouring. 
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The Infra-Red Gas Burner 


By L. Sanderson 


A recent development in gas burners of the infra red type is described. The rate at 
which heat is transmitted by this type of burner is claimed to be greater than that from 
any other known source, with absence of heat loss between the burner and point of 
application. One of the latest types of these burners has a refractory surface, which, in 
use, is kept brilliantly radiant, from which a uniform temperature is obtained. A 
typical burner of this is wsed to show the constructional principles involved. 


in industry is the infra-red gas burner. ‘This is 

designed to develop radiation so efficient that 
between the point of generation and that of application 
there is practically no loss of heat energy. The attain- 
ment of this objective means in practice that a consider- 
able reduction in operating time for any particular 
function is achieved ; the rate of output can be markedly 
increased ; and there is a reduction in fuel used of at 
least 25%. It is essential, for such results to be obtained, 
that the type of burner used should be powerful and 
positive as a source of heat, capable of easy and simple 
control, and giving results that can be foretold with 
exactitude. 


O* of the most interesting of recent developments 


Heat by Infra-red Ray 


Before the reader can thoroughly comprehend the 
operation of a modern infra-red ray burner, it is essential 
that he shall understand the basic principles of radiant 
heating. Radiation is the least complicated and most 
efficient method of transferring heat known to science. 
It should be carefully distinguished from the process of 
heat transfer by convection. A convection current— 
e.g., of water, is one that rises almost vertically, as in the 
domestic hot-water system. Radiant heat is produced 
by the actual passage of heat waves or rays which, like 
light, are able to travel even through empty space, and 
travel at the same speed as light (186,000 miles per 
second). Thus, the sensation of warmth received when 
we sit before a coal fire is not merely the result of air 
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warmed by the fire conducting heat to us, but of the 
direct action of heat rays. The amount of heat that 
could be conducted by the air from the fire would be 
far too small te convey the amount of heat received. 

The first to discover the power and value of radiation 
was Sir Isaac Newton, discoverer of the laws of gravita- 
tion. When he passed a beam of light through a triangu- 
lar prism of glass, he saw that the white light that entered 
the prism was split up into the varied colours of the 
spectrum, ranging from red through orange, yellow, 
green and blue, to violet. From this he deduced that all 
these different colours or kinds of light were actually 
contained in the blend known as white light, which was, 
of course, sunlight. White light, therefore, was not a 
simple colour, but a blend of primary colours. 


Wave Lengths 


Once this fact became known, much material was 
afforded for speculation. What was the reason one 
colour of light differed from another? It was eventually 
found that the difference was the result of a difference 
in the length of the waves, the red having the longest 
wave length, the violet the shortest, the other primary 
colours having wave lengths between these two limits. 
For example, in | in. of distance there are 63,000 violet 
light waves, as compared with about 33,000 red light 
waves for the same distance. 

Something else was soon discovered. {[t was that the 
range of wave lengths represented by the visible spec- 
trum—i.e., from 63,000 per in. to 33,000 per in.—repre- 
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sented the limit of response of the human eye, and that 
there were other rays than those of light lying outside 
these limits, and therefore invisible to Man. In point 
of fact, the light rays represent only a fraction of the 
radiations known, but because the eye is not sensitive 
enough to receive them, they cannot be seen. Neverthe- 
less, they are there. 

We are able to detect the presence of certain of them 
by the aid of temperature-measuring instruments, such 
as thermometers. These rays that produce measurable 
changes in temperature are found to lie in the region 
lying beyond the extreme red end of the visible spectrum, 
and because of this they are termed infra-red rays. If 
our eyes were sensitive ¢nough, we might see them, 
possibly as a very rich colour having in it a faint sug- 
gestion of dark red. Who can say ? 


Other Forms of Radiation 


When we heat a dark body until it glows brightly, we 
find that it emits these heat.or infra-red rays plentifully, 
and they are known to have wave lengths of as much as 
1 /80th in. To complete our story, it must be pointed 
out that beyond the infra-red rays at the extreme red 
end of the spectrum lie still other rays, such as those 
responsible for radio transmission, which can only be 
detected by electrical instruments. Beyond the extreme 
violet region lie the X-rays and gamma rays now being 
used in industrial radiography for detecting hidden 
flaws in metals. 

When a body is heated to a specific temperature, it 
gives off radiant energy composed of waves of all possible 
lengths, but these rays are not in haphazard associations 
with their proportions varying each time the body is 
heated. It is found that the rays of different length 
are all in definite proportions. Consequently, it becomes 
possible to combine theory with practical research work 
and ascertain the best possible combination of rays for a 
perfect radiator. The infra-red gas burner is essentially, 
therefore, a heat-radiating instrument, and it is the 
constant endeavour of those responsible for designing 
these burners to make them as nearly as possible perfect. 

In an efficient infra-red gas burner, the temperature 
is maintained by burning a mixture of air and gas on the 
radiating surface itself. The working temperature is in 
the region of 1,266° C., because at this temperature the 
burner corresponds very closely to the perfect black 
body radiator. This means that roughly 99% of the 
entire radiation from the burner will comprise effective 
infra-red rays. The advantage of this is that there is 
practically no loss of energy as a result of the crossing of 
the distance between the burner and the point of applica- 
tion, since the heat transferred is only heat (molecular 
thotion) at the starting point and at the point of arrival. 
Moreover, the radiation is speedily absorbed by the 
body being heated. 


No Energy Loss 


So long as the burner is in use, the distance separating 
it from the object being heated is merely a vehicle for the 
rays, which go through it unimpeded and without 
sacrifice of their energy. A typical instance is the sink- 
ing sun, whose crimson glow is the result of the scattering 
of the short light waves, those making up the blues and 
greens, by the atmosphere of the earth, so that only the 
orange and red waves are able to reach the observer on 
the earth. The lower the sun in the western sky, the 
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more striking the display, because the light from the 
sun has then to penetrate a much thicker belt of air, and 
has a much greater proportion of its shorter light waves 
screened out than when it is high in the sky. 

The efficient infra-red‘ ray burner must, therefore, 
contrive to employ radiation composed as far as possible 
of only the long red and longer infra-red rays, so as to 
avoid loss of energy during transmission. 

Infra-red gas heating is being applied to-day to drying, 
melting, vapori ing, preheating, carburising, singeing, 
annealing, charring, roasting, baking, and many other 
industrial processes. In the food industry it has been 
found to have great advantages as compared with other 
forms of heating. The rate at which heat can be trans- 
mitted by the infra-red gas burner is considerably 
greater than that from any other known source, with 
absence of heat loss between burner and point of applica- 
tion. One of the latest types of burners has a surface of 
refractory type, and by maintenance of an unobstructed 
orifice of the burner outlet, this refractory is kept 
brilliantly radiant on the entire surface. The heat rays 
are radiated at an angle of 45° from the burner, and 
focal or hot spots are avoided. A uniform temperature 
is obtained over the whole radiant surface. 


Advantages of Infra-red Radiation 


Some indication of the practical benefits to be obtained 


from the use of an efficient gas burner of the infra-red 
tvpe must now be given. The modern burner will 
combust most of the industrial gases, ranging from 
town gas to hydrocarbon gas, and a much lower fuel 
consumption is thereby obtained. No soot or other form 
of carbon deposition occurs, which is of great importance, 
because it ensures that furnaces and stoves are not 
sooted up, or atmospheres overcharged with carbonaceous 
matter. 

In the drying of paint, a tremendous increase in output 
has already been recorded. The form and dimensions 
of the parts to which radiant heat is applied by this 
means do not affect the uniformity of curing. There is no 
differentiation between the colours in respect of the time 
needed to finish drying them, nor do the colours or their 
surfaces suffer any injury. The burner will deal with 
surfaces either rough or polished, and parts either thick 
or thin, with no variation in the result. Batch or mass- 
production methods can be used satisfactorily without 
modification of the apparatus. Finally, in food pro- 
cessing, it is claimed that the use of the infra-red gas 
burner provides a superior maintenance of food flavours 
and values, with negligible shrinkage. 


The Burner Head 


There are, as will be imagined, various types of 
burners on the market, and space is not available for a 
full description of each. in this article, therefore, the 
writer confines himself to a typical efficient burner so 
that a grasp of its constructional principles may be 
obtained. The head of the burner is the vitai point. and 
this is buiit up of three separate sections. A glance at 
Fig. 1 will indicate the details. The combustion bow! is 
made of a refractory material composed of aluminiom 
clay, which is moistened, mixed with sawdust, and then 
moulded and ltaked, at a temperature of |,700°C. 
This burns out the sawdust, and the result ‘s a bow! of 
refractory mate'iai whi h has fine pores whee tye 
sawdust parti~'es o.iginal:y were. This retractory bowi 
is ‘apable o: withstanding temperatures in the region 
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of 1,260°C. and will continue to do 
so for an indefinite period. 

The second component of the burner 
head is a thimble, made from nickel 
chromium alloy, designed specifically 
for resistance to heat. The third com- 
ponent is a baffle of the same material. 
A threaded bottom bush connects the 
unit to the fuel manifold. 

The combustion bowl constitutes 
the chamber in which combustion is 
effected, a regulated mixture of air 
and gas being introduced into it, thus 
creating a radiant glow, without, how- 
ever, producing discernible flames, 
and a working temperature of 1,260°C. 
The movement of the gases is down- 
ward and outward to the extreme 
edge of the bowl, and starting from 
cold, the working temperature is 
reached in a matter of less than 
45 secs. The radiant surface is kept at 
an extremely low wiurndown while 
also having the ability to work on a_ considerable 
range of combustible gases. It is only the surface 
of this miniature combustion chamber that actually 
attains a radiant heat. The absence of moving 
parts means freedom from the need for continual 
regulation. Total and immediate combustion of the 
gases is achieved in the bowl, so that all the energy of the 
fuel is used without loss. 

Gas Adjustment 

A couple of easy adjustments, regulating the flow of 
air and gas, allow gases to be used of varying B.t.u. 
content, namely from 320-3,2C0 B.t.u./cu. ft. Once 
these adjustments have been made, they need no further 
attention. 

The infra-red gas burner can be used for either low 
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Fig. 1.- Typical infra red gas burner. 

or high pressure gas. Where high-pressure gas or pressure 
pre-mix gas is used, the correct volume of air is obtained 
by the employment of an inspirator, which does away 
with the need for a low-pressure blower and dynamo, 
For low-pressure use, a low-pressure blower is required, 
which means that the state of the atmosphere does not 
affect combustion, and the mixture is kept efficient. 
Automatic control is quite feasible ; ‘‘ off ’’ and “on” 
or “ throttling action ”’ or “ high low ”’ automatic control 
can also be arranged. It is possible to group a series of 
burner heads on a single manifold, so that installations 
of different kinds and dimensions can be dealt with. 
Burners range from 243-12 in. dia., and have capacities 
from 10,000 B.t.u’s to 150,000 B.t.u’s per hour. 

(To be conciuded) 


German Technical Literature 


ADDITIONAL arrangements for the exchange of German 
technical information acquired by Britain and the 
United States since V.E. Day have been announced. 
These arrangements are complementary to those already 
in force whereby reports on German industry and 
technical developments, prepared by British and 
American investigators respectively, are made available 
to the industrialists of both countries. 

The American depository for German documents and 
microfilms is the Office of Technical Services, Department 
of Commerce. Three British experts are now examining 
the catalogues and abstracts of these reports which 
have been prepared by O.T.S., and the Department of 
Commerce has agreed to provide microfilm copies of all 
items chosen by the scrutineers. 


In London, the main processing centre for German 
documents is the Board of Trade, German Division 
(Documents Unit) which is loeated at Lansdowne 
House. There, documents of interest to industry are 
summarised and copies of the abstracts sent to the 
0.T.S. staff which is now at work in Frankfurt, Germany. 
Microfilm copies of all documents desired by the O.T.S. 
experts will be supplied by the Board of Trade. 
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David Brown Companies New Names 
THE announcements by David Brown & Sons (Hudders- 
field), Ltd., that three of their several engineering 
Companies are to be known under new names, is an 
indication of the trend towards specialised production 
in their post-war planning. 

The changes affect the branch works and foundries at 
Penistone, which have not only gained a high reputation 
for the production of centrifugally-cast gearing bronzes 
but now successfully operate alloy and carbon steel 
foundries. In future, the Penistone works will be 
known as The David Brown Foundries Company. 

A second change is in connection with the main works 
at Huddesfield where a greatly increased call is being 
experienced for its gear-cutting tools, jigs, fixtures and 
floating reamers for use within the organisation, in 
addition, however, there is a heavy demand for these 
products from other engineering firms. This tool 
division at the main works has now been given the name 
of The David Brown Tool Company. 

The remaining alteration concerns the works of C. J. 
Fitzpatrick & Co. Ltd., of London, which was acquired 
by the David Brown group about six years ago, and 
which have since been completely reorganised. These 
works will in future be known as David Brown Gear 
(London), Ltd. 
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Some Recent Appointments 


Mr. G. A. V, Russet has joined Messrs, Dorman Long 
and Co., as General Works Manager of the Cleveland 
Iron and Steel Works. He was with the South Durham 
Steel and Iron Co., Ltd. 


Mr. A, R. KNow es has been appointed Secretary of 
the Association of British Chambers of Commerce. 
From 1927-1934 he was Joint Assistant Secretary of 
the Manchester Chamber of Commerce, and subsequently 
Secretary of the Sheffield Chamber of Commerce. 


Mr, E. G. Howe tt has been placed in charge of the 
Ferrous Scrap Works-to-Works Trade for the Southern 
Region of the Raw Materials Division of George Cohen 
Sons and Co., Ltd. Mr. Howell has been with the Com- 
pany for 20 years, and has just recently returned from 
service with the Forces. 


Mr. H. A. Warswrient, M.Met., B.Eng., F.1.M., 
A.M.I.Mech.E., A.M.I.E.E., Assistant General Manager 
* of Birmetals Ltd., Quinton, Birmingham, 32, has been 
elected to the Board of Directors of Birmetals Ltd., and 
Birmabright Ltd. 


Dr. Witrrep Coxon, M.Se., F.R.1.C., F.1.M., 27 
Mount Park Road, Ealing, W.5, has recently been 
retained by The Royal Swedish Air Board as their 
Technical Adviser in London. 

During the war Dr. Coxon, served with the Ministry 
of Aircraft Production as Principal Technical Officer 
and was responsible for co-ordinating the research and 
development of special armaments required by the Path 
Finder Force of Bomber Command. He also invented 
the Target Marking Bombs which were used by the 
Path Finder Force. Since his resignation from the 
Ministry last year he has been acting as Technical 
Adviser and Consultant to a number of companies and 
has specialised in the subject of Metal Finishing, including 
Electroplating, where his association as Technical 
Adviser to Messrs. International Corrodeless Limited, 
the Proprietors of Royal Processes, give him full scope 
to continue his investigations in this field. He is also 
engaged by the B.B.C. to give a series of talks for the 
Overseas Service on new British Industrial Develop- 
ments. 


Mr. R. R. Roperts, B.A., has taken up an appointment 
with Murex Welding Processes Ltd.. Waltham Cross, 
Herts., and has resigned his post with the Admiralty, 


Dr. R. G. Sarsant has been appointed Professor of 
Fuel Technology at Sheffield University ; the University 
having revived the Chair after a war-time lapse. In 
view of the national importance of fuel education, 
Hadfields Ltd.—where Dr. Sarjant was engaged as Head 
of the Research Dept.—have agreed to release him so 
that he could take up his duties without delay. 


New appointments have been made to the directorate 
of The Phosphor Bronze Co., Ltd., Witton, Birmingham 
6, which is now comprised of the following :—Chair- 
man, Mr. J. L. Hardy; Joint Managing Directors, 
Messrs. G. T. Hyslop and W. Smithson ; Sales Director, 
Mr. C. V. MeNeill ; Messrs. E. H. Powis and F. R. Wix : 
Director and Secretary, Mr. D. L. Roome ; Director and 
Cost Controller, Mr. A. N. Wormleighton. 
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: 


Mr. G. H. 8. Pricr, B.Sc., has taken up an appointment 
as Research and Technical Information Liaison Officer 
of Charles R. Price, 145 Stoke Newington, Church 
Street, London, N.16. He has resigned his position with 
the Research Laboratories, General Electric Company 
Ltd., Wembley to take up his new appointment. 


Mr. B. E. Hopkrns, B.Se., has joined the staff of the 
Metallurgy Division, National Physical Laboratory, 
Teddington. He has resigned his position with the 
Mond Nickel Co., Ltd., to take up his new appointment. 


Mr. W. M. Martin, O.B.E., has been appointed General 
Manager for India of the British Aluminium Co., Ltd. 
His address is:—Bank of Baroda Building, Apollo 
Street, Bombay, India. 

Mr. H. V. Hopeson, who has resigned his directorship 
with B.S.A. Tools Ltd., and Burton Griffiths Co., Ltd., 
has been appointed London Area Manager for A. C. 
Wickman, Ltd., in succession to Mr. J. M. Morris, who 
has resigned. He is well-known in the machine tool 
industry, having been with the B.S.A. group of companies 
for many years. 


Mr. Aan R. B.Sec., has been appointed full- 


time lecturer at Battersea Polytechnic, London. Mr. 
Bailey has been in charge of the Metallography Depart- 
ment of the British Non-Ferrous Metals Research 
Association. 


Dr. R. HARGREAVES, B.A., has taken up an appointment 
with The Aero Piston Ring Co., Ltd., of Leeds, and has 
resigned his position with the Shell Refining and Mar- 
keting Co., Ltd., of Chester. 


Mr. W. C. F. Hessenperc, M.A., has been appointed 
head of the Mechanical Working Division of the British 
Iron and Steel Research Association. Mr. Hessenberg 
is at present Chief Officer of the Liaison Department of 
the British Non-Ferrous Metals Research Association 
which he joined in 1939, and it will be some months 
before he takes up his new post. He graduated from 
Cambridge University and subsequently held appoint- 
ments at Enfield Cable Works Ltd., and Enfield Rolling 
Mills, Ltd. 


Mr. Ropert CHARLES GoopING Ph.D., B.Sc., 
M.I.E.E., has joined the North American Philips Com- 
any Inc., of New York, U.S.A., as an Executive En- 
gineer for which his wide experience in the field of radio 
and industrial electronics makes him eminently suitable. 
Apart from the important executive posts which Dr, 
Williams occupied while at Murphy Radio Ltd., he will 
be remembered by his colleagues in England for his 
enthusiastic work on industry technical committees and 
for the interest that he always displayed in the Radio 
Section of the Institution of Electrical Engineers. 


Mr. 8S. S. Caruiste, M.Se., A.M.I.E.E., a Graduate of 
Queens University, Belfast (1940) has been appointed 
Head of the Instrument Section of the British Lron and 
Steel Research Association in succession to Mr. Fahie. 
Mr. Carlisle joined the Association in October, 1946, 
following four years service in the Experimental Depart- 
ment, H.M.S. Excellent, Portsmouth, on the staff of the 
Director of Scientific Research, Admiralty, There he 
was largely responsible for the design and development 
of certain special recording instruments and electro- 
mechanical control systems associated with modern 
gunnery and radar techniques. : 
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ALUMINIUM 1946 


By W. C. Devereux, F.R.Ae.S. 


Managing Director, Almin Ltd. 


Broadly viewed, a more widespread ap- 
preciation of the varied and special utility 
of aluminium has been one of the most 
compelling forces in its general market 
expansion since the end of the war. Demand 
for aluminium products of nearly all kinds 
has been coming from an increasing number 
and variety of consumers and while it is 
probable that this trend will continue, much 


version, but for the aluminium industry it has 
been much more than this — it has been the time of 
emergence from its sheltered position as a part of a rapid- 
ly expanding aircraft industry to the new status of a 
separate industry having to stand alone by its own efforts. 

Since 1938 the aluminium fabricating industry has 
developed from a workshop basis into a mass producer of 
castings, extrusions, sheet and forgings. Its capacity 
has been increased fivefold and despite the difficulties 
of the past year, output for peacetime applications is 
increasing rapidly. 

It must be admitted that the rapid development of 
peacetime uses for aluminium. owes something to the 
shortage of other materials but it should not be assumed 
from this that aluminium will lose its newly found 
markets. In many cases necessity has forced the pace 
but it does not follow that the course has been diverted. 

No one will suggest that aluminium has made any 
serious inroads into the vast empire of iron but there are 
some fields of application where it has gained a firm 
foothold which can be held if certain technical develop- 
ments now in hand can be completed in time to con- 
solidate the new markets before the counter attack. 

The statistics of production of fabricated aluminium 
‘products indicate an encouraging upward trend. The 
latest figures which are available show that in October 
‘last, production was at the rate of some 235,000 tons a 
year, a figure which, while well below the war-time peak 
of 358,000 tons is a great improvement on the rate of 
output for mid-i945 when the rate of production fell 
to 114,000 tons. 

The most remarkable output has been achieved in the 
rolling of sheet and strip in which the rates of production 
exceeded even the peak war-time output. The signifi- 
cance of this is masked however by the fact that a high 
proportion of the sheet output is for the aluminium 
temporary house programme which has resulted in an 
acute shortage of sheet. 

The output of castings is increasing steadily and by 
October had reached about 70 per cent. of peak war 
production. The production of extrusions also has 
shown a steady increase during the past 12 months 
although it was still only about 35 per cent. of peak 
production. Alone among the fabricated products 
forgings are in small demand and the output, amounting 
to less than 10 per cent. of peak production, is below 
pre-war figures, 

it is interesting to note that the output of die castings 
now exceeds that of sand castings by about 40 per cent., 


= all industries 1946 has been a time of recon- 
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will depend on the price of both primary and 
secondary aluminium and on technical 
developments leading to new uses. The 
author reviews the position of the fabricating 
industry and directs attention to the Govern- 
ment policy. of holding large quantities of 
secondary stock idle, contrary to good in- 
dustrial practice, the industry must continue 
its policy of research and development. 


a complete reversal of the situation in the early part of 
1944 when the production of castings was at its zenith. 
In fact the rate of production of die castings in October 
was higher than it has ever been. This ascendency of 
the die casting reflects the favour which aluminium has 
found in the industries engaged in the:mass production 
of consumer goods, 

The fall in demand for Seiateie and pressings is a 
disappointing feature of the statistics, but it was only 
to be expected that this branch wouid take longest to 
acclimatise itself to the change-over from aircraft to 
more general uses. It will not be surprising however if 
the use of forgings should shortly show a significant 
increase. There can be no doubt that for many ap- 
plications where a polished or electro-plated finish is 
required the smooth, sound, uniform surface of a forging 
or pressing produced : in a well made die offers considerable 
advantages over a casting, especially when the cost of 
polishing is taken into account. Light alloy die castings 
and brass pressings may well expect competition from 
this direction. 

Key factors governing theextentof potential markets for 
aluminium are price, supply and technical development. 

Aluminium is unique among materials of construction 
in that its price is lower now than it was before the war. 
While the prices of other metals have: been rising ‘the 
price of primary aluminium has fallen from the war-time 
figure of £110 a ton to £73} and it is now by far the 
cheapest of the non-ferrous metals per unit of volume. 

The Government agency responsible for the purchase 
of aluminium from Canada is to be congratulated on 
its far-sighted action in contracting to purchase 200,000 
tons in the eighteen months ending in December 1947, 
thus enabling a long term price policy to be pursued. 

It is all the more difficult in the face of this realistic 
policy in respect of supplies of primary metal to under- 
stand the reasons for the apparent lack of a policy 
regarding the price of scrap and secondary aluminium. 
During the war the whole output of the industry was 
absorbed in aircraft construction with the result that 
the bulk of available supplies of scrap are now in 
Government hands. 

This Government owned scrap is being disposed of in 
two ways. On the one hand a high proportion is being 
smelted in the M.P.R.D.s and sold at a controlled price 
for use in the manufacture of stock (chiefly sheet) for 
use in the prefabricated aluminium house programme. 
The other method of disposal is by sale on open tender 
to the highest bidder. 

As a result of this policy, coupled with the present 
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heavy demand, the price of secondary metal is rising 
rapidly and is getting nearer and nearer to the virgin 
metal price. 

The combination of the demands of the aluminium 
house programme and the Government’s scrap policy is 
already making itself felt in the development of markets. 
Despite the fact that the production of sheet and strip 
already exceeds the peak war-time production figures. 
The fact that more than half of this is earmarked for 
the temporary house programme has resulted in a 
severe shortage of this form of aluminium. This shortage 
of sheet is exerting a profound effect on the development 
of markets for aluminium in other forms. Quite apart 
from the faet- that a number of development projects 
involving the use of large quantities of light alloy sheet 
have had to be shelved. Several promising new ap- 
* plications involving structures built up of extruded 
. 8éctions and castings have had to be abandoned because 
the sheets required for covering are not available. 

The earmarking of large quantities of scrap for the 
- house programme and the policy followed in the sale of the 
remainder have produced a scarcity of secondary metal, 
the use of which is essential for the supply of low cost 
- castings and wrought products for general industrial uses. 

The policy of holding such large quantities of raw 
material in idle stock is quite contrary to good industrial 
practice—it is wasteful and it restricts supplies for other 
“*more lasting uses. The design of the aluminium house 
was worked out with the idea that production would 
. begin immediately after the end of the war, when 
- ‘traditional housing materials and equipment would be 
in very short supply. It must be admitted also that the 
remarkably rapid expansion in the demand for aluminium 
which has developed was not wholly foreseen and it was 
thought that supplies would be more than adequate. 
However, the house programme has been slow in getting 
under way and it has been possible for some time to 
modify the design to save aluminium so urgently re- 
. quired for uses in which it can offer much greater ad- 
vantage. This re-design should be undertaken as quickly 
possible. 

One of the important technical developments of the 
war was the perfection of the processes of secondary 
smelting. We should be enjoying the fruits of that 
. achievement now in the form of plentiful supplies of low 
cost reclaimed material produced by the carefully con- 
trolled processes of the secondary smelters who made 


80 great a contribution to the demand for aluminium 
during the war. 

The situation which has arisen has grave implications, 
for not only has the price of secondary risen alarmingly 
owing to the high price of scrap, but the smelting 
factories, forced to reduce production owing to the 
shortage of raw material are having to reduce their 
labour force. This is bound to have very serious results 
since, although supplies of primary aluminium appear 
to be plentiful at present, they cannot, unless supple. 
mented by a considerably increased output of secondary, 
provide for the increasing demand for fabricated alumin. 
ium products, which the present trend would indicate 
will be achieved in a few months’ time. 

Our situation demands the strictest economy in the 
use of imported raw materials. As in the war so it is 
now vitally important to ensure that every pound of 
aluminium that can be reclaimed and used again shall 
be recovered. 


Conclusion 


In spite of unexpected shortages the industry has 
achieved a great deal in this past year and will certainly 
go on to new and greater achievements in 1947. One 
note of warning must be struck however. It must be 
borne clearly in mind that despite difficulties in some 
directions the aluminium industry is at present in a 
relatively favourable position for the development of 
new markets for its products and it must pursue this 
advantage relentlessly. There will come a time, and 
that may not be so far off as some seem to think, when 
the materials which have been displaced will come back 
in strong competition. Before that time the newly won 
markets for aluminium alloys must be consolidated. 
Most of these can be maintained but there are a few 
matters which demand urgent attention. 

The aluminium fabricating industry has been justly 
acclaimed in the past for its far-sighted policy of research 
and development—it must not rest on its laurels now 
that the demand for its products is so heavy, There are 
still some technical problems—finishes equivalent to 
vitreous enamel and joining -methods for instance—. 
which must be solved before a number of uses for which 
aluminium is now being used can be called permanent. 

Research has paid handsome dividends in the rapid 
development of the aluminium industry in the past—it 
still has much to offer, but time is short. 


The Renfrew Foundries Ltd. on peace production of light metal castings. 
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the extraction and refinirg sections. 


Aluminium Developments 


Some Aspects of Progress 


By S. A. J. Sage 


Some of the metallurgical advances made in the aluminium industry during the war are 
briefly reviewed including increased rate of extraction of alumina from bauxite, greatly 
increased production of super-purity aluminium for the production of high-strength 
alloys, cladding of extrusions, continuous and semi-continuous billet casting, casting 
alloys, mechanised foundries, surface finishes, and inspection. Advances in knowledge 
of aluminium and its alloys and of fabricating technigu: have opened up vast fields of 
possible uses for these materials, and the future for the industry appears to have an 
upward tiend, 


ising two escalators running at the same speed 
and in the same direction, one slightly ahead of 
the other. The top escalator represents the pure science 
and industrial research grcups, and the lower the general 
practice of industry. Both seem to progress in a series 
of steps in which each rise marks a period of major 


Piisine two in industry can be pictured by visual- 


. advances, both in materials and methods, whilst the 


tread of the escalator marks that period in which the 


_ advances previously made are consolidated and put into 


practice. 

During hostilities the scientific and general-practice 
escalators were running in close harmony. We were on 
an upward trend and production was waiting at the 
door of the laboratory, ready to incorporate with utmost 
speed the newest advances. This is particularly true of 
the aluminium industry. When hostilities ceased it left 
this industry almost a subsidiary of the aircraft industry. 
Now that orders for aircraft have been considerably 
curtailed, what has the war left and what is the present 
outlook ? 


Metallurgical Advances During the War 


When the industry was geared for war production 
many metallurgical advances were made. The first was 
the greater rate of extraction of alumina from bauxite 
by the Modified Bayer process whereby the ‘ red-mud,” 
formerly discarded, was chemically adjusted and repro- 
eessed. The rate of extraction was raised from about 
80-85/90%. The greatest gain was made when using 
the hign silicate bauxites which, under normal processing, 
only gave returns of the order of 70%. With the great 
influx of American and Canadian virgin material at the 
end of the war, however, the process was put in abeyance, 
though it could have repercussions in economics in 
future years. 

- It was a triumph during the war that the industry was 


able to increase its previcus output many times with 


little, if any, drop in the quality of materials used in 
aircraft. .Prior to the war the purity of aluminium and 
its alloys had been gradually risirg due to advances in 
The ability to 
produce 99-997% purity alumir ium by the three layer 
process called for the highest technique. This quality 
was maintaired and under the Light Alloy Contrcl 
the super-purity material was available for the 
introduction of the high strength Al-Zn-Mg-Cu and 
Al-Zn-Mg-Mn alloys and the high temperature R.A.E.- 
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Fig. 1.—Sectioned pre-war Cheetah engine. The cranke 
case, cylinder heads — pistons were in aluminium 
oys. 


N.P.L. alloys. The former had been introduced many 
years previcusly, but had been rejected due to stress 
corrosion troubles. With a modified analysis and 
materials of higher purity it returned as an alloy capable 
of high strengths in the wrought, heat-treated condition. 
This alloy is now covered by the specification D.T.D. 
363A. 

Fundamental work by Hume-Rothery and _ his 
colleagues on the effects of minor elements on the 
Al-Zn-Mg-Mn alloys, correlated with data on the 
processirg of D.T.D. 363A, enabled extrusions to be 
produced in high-strength materials at speeds normally 
associated with much lower strength alloys. 

The complex R.A.E. alloys, basically an Al-Ni-Mn- 
Cu alloy with small additiors of Mg, Cr, Be and Ti were 
also prepared and made into pistons, Whilst many 
difficulties were met in the early stages of the develcp- 
ment of these alloys, especially in the forging and pressing 
operations, due to the high strength at. temperatures, 
these were finally overcome. Many running tests were 
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Fig. 2.—Armstrong Siddeley Motors A.S.X. jet engine 
The stator casing is an 
aluminium casting, whilst the blades : nd rotor are high- 


showing the air compressor. 


strength aluminium alloy forgings. 


made, and it was stated that pistons made from these 
alloys in tae forged, pressed or cast condition were an 
advance on the existing material, softening was less 
than that of the normal piston alloy and the hardness 
recovery figures were better. It is not known whether 
these alloys were ever put into production on a large 
scale as the fabricating ccsts were high. These alloys 
are very interestir g in that the compcsition was balanced 
—a basic Al-Ni-Cu-Mn alloy was chosen because of its 
ability to retain its strength at temperature. An alloy 
of this type has a high melting point which is often 
associated with a large grain size and brittleness. 

The Cr, Ti and Be additions were added to resist this 
excessive grain growth and to give the alloy increased 
“ductility with high strength at temperatures. The 
Be additions wére made because research work by 
Brimelow and Sutton at R.A.E. on Al, Ni binary alloys 
had shown that additicns of this element were the most 
effective method of reducirg the formation of any large 
segregates of NiAl,. Since the erd of hostilities very 
little has been heard cf these alloys, but the high-strength 
alloys known as RR77 and 88 have been produced in 
sheet, forgirgs and extruded sections. With the similar 
American alloy, 75S, much research has had to be carried 
out to adapt these alloys to commercial uses. 


Cladding of Extrusions 

All these alloys can be produced in the clad condition 
_to alleviate corrosion problems. The cladding is either 
of high-purity alumir ium or of an Al-Zn alloy containing 
about 1%, Zn. A recent innovation has been the clad- 
ding of extrusions—this requirir g the highest technique 
to produce an even thickness of cladding material with- 
out tears and runs. Research on the deep-drawing of 


to obtain satisfactory boxes and domed shapes, whilst 
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pure science has developed newer 
theories of metal flow. The results 
indicate that with few exceptions 
raising the temperature of the sheet 
prior to deep drawing aids the 
operation and allows smaller radii to 
be used with greater chance of 
success. The process of dimpling 
required a new technique, but this 
has been overcome with the aid of 
hot riveting in machines closely 
' akin to the normal spot welder. 


High-strength Alloy with Low 
ilicon 


Another legacy of the war was 
the development of the RR59 alloy 
with a lower silicon content. The 
analysis of the normal alloy is 
covered by L.42 specification, but 
no specification has yet been allotted 
to the low silicon alloy. 

The development of the normal 
L.42 alloy prior to the war had 
shown that reducing the silicon 
content would enable the alloy to 
withstand fairly high temperatures 
and have good recovery figures, 
but what was more satisfactory 
was that the mass effect was good. 
The production of this alloy was difficult with the éxistirg 
technique, but, by development of new equipment and 
new methods, these difficulties were overcome. The 
alloy went into production with the result that forgings 
and wrought sections were produced which, for their 
size, gave mechanical figures far in advance of con- 
temporary alloys. This alloy was found invaluable when 
the research sections of the aero-engine industry turned 
from the piston engine to the turbine engine, especially 
for the production of compressor rotors which demanded 
high mechanical properties with heavy sections.. 


Typical analyses of these alloys are :— 


Cu Ni Mg Fe Si Ti 
L.42 0-5/1-5 = 1-0/1-5 1-5 max. 0-2 max. 
RR59 Low Si.. 2-19 1-07 1-48 1-19 0-27 0-065 


One of the special techniques applied to the above 
alloy was the introduction and development of the con- 


‘tir ucus and semi-contir ucus cast billet. Many attempts 


had previcusly been made to cast alloys in contirucus 
billets and tke war gave a great impetus to this methcd 
of castirg. One advantage of a contir ucus castirg unit 
is the high cutput per unit area of floor space. However, 
many trcubles had to be overcome one of which seems 
worth recordirg. 

With one unit producing a semi-contirucus billet it 
was fcund that large longitudiral cracks occurred when 
the billet was rolled. Many thecries were offered to 
explain this pkencmenon, but the trcuble was over- 
come in a simple manner. When the ram is at its highest 
point a small amcunt of molten metal is pcured in to 
form a small pad. When this is nearly solid the 
remainder of the alloy is poured with the ram beirg 
lowered at its controlled rate. It was found that if this 
pad at the butt end of the billet was cut off prior to 
rollirg no crackirg was fcund in the main part of the 
billet after rolling. The contirucus-cast ingot, developed 
to a fine degree in America, necessitates a very intensive 
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melting procedure and the use of a flying cutting saw 
beneath the castirg ur it to part off the billets as required. 
This method of castirg does not seem to have been 
used to any great extent in this country, and the semi- 
contirucus method has been favoured. 

No matter whether the continucus or semi-continuous 
method is used the material in the main portion of the 
billet is the same. Both are a great advance metallur- 
gically over the chill-cast billet, in so far as the micro- 
constituents are finer and more homogeneously dispersed 
throughout the section. This is an advantage in that 
the danger ot the billet crackirg when pressed or forged, 
due to long collumnar crystals and the planes of weakness 
where these meet, is mainly avoided. It is also a time 
saver in that the homogenisir g of the structure prior to 
hot workingis faster. Where hard metallic segregates 
have formed at the centres of the chill-cast billets, these 
rarely go completely into solution on heating, with the 
result that forgings and extrusions made from this type 
of billet frequently show stringers which act as nuclei 
of fracture under service conditions. The avoidance of 
this type of segregate in the contir.uous-cast billet tends 
to make the wrought material less prone to failure. 

One instance where the use of contiruous-cast billet 
has proved very successful is in the forming of hollow 
rotor drums for jet engines. With the chill-cast billet a 
large diameter cheese had to be used; it was forged 
down lengthways, turned at right angles, forged again, 
trepanned and then opened out to size. ith the 
continuous-cast method a smaller diameter billet is 
used. This is up-ended in a powerful press by special 
methods, as the length-to-diameter ratio is more than 
the normal 3 to 1, and finally impact-extruded up a 
taper mandrel to give close machining tolerances. Test 
pieces taken from the two types of drum show very little 
difference, but the time saved was a great factor in the 
development of the drum. 

The application of the continuous-cast billet to 
forging and extrusion has allowed faster cycles and mcre 
homogenecus materials to be produced. It has also 
been invaluable in recent work in which the impact- 
extrusion methods have been extensively used to produce 
forgings and tubes havirg machirirg tolerances more 
akin to that of precision castings. This method of 
forging, first applied to tin, lead and their alloys, then 
to the production of steel-cylinder barrels, is now being 
applied to the homogeneous contirucus-cast aluminium 
alloys. It results in heavily worked fine grained struc- 
tures with high directional strengths. 


Casting Alloys 


Of the casting alloys the introduction of D.T.D. 424 
and 428—the two alloys produced from secondary 
material fo economise in virgin alumirium—met with 
very great disfavour at first but, by modifying the 
existing casting conditions, especially in the feedirg 
arrangements, good quality medium strength castings 
were obtained. By the balancing of the analysis of 
these two alloys much of the remelt binary Al-Cu, 
Al-Zn, and Al-Si, material which had formerly been 
discarded was used to good advantage. It is considered 
that in view of the technique developed on these alloys 
during the war years and to the fact that secondary 
aluminium will be available in increased quantity these 
alloys will find increasing use in this post-war era. 

Probably the greatest tonnage of castings was produced 
in the regular_alloys of D.T.D. 131, 133 and L5 in the 
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Fig. 3.—Armstrong Siddeley Motors A.S.X. jet engine. 
Another view of the stator casing sh wing airflow control- 
lers to the flame tubes. 


high strength class, and D.T.D. 165 and L33 in the 
medium strength groups. There can be no dcubt that 
these alloys will contirue in favour in view of their 
excellent record to date. Whether they can compete 
with the secondary alloys on a cost basis for the great 
market now available remairs to be seen. 

Some attempts were made to introduce the high 
strergth Al-Mg alloy (D.T.D. 300) towards the end of 
hostilities, but this alloy needs very special casting 
technique combired with careful meltirg control. In 
the as-cast condition it develops strengths comparable 
with other heat-treated binary alloys and in the fully 
heat-treated condition gives the highest meeharical 
properties of any aluminium castirg birary alloy. 
However, this alloy shows a very marked fallirg off of 
strength at temperature and shculd only be used where 
the service conditions do not exceed 150°C. The alloy 
is also. prone to interdendritic percsity, probably due 
to the low meltirg point of the Al-Mg eutectic, but this 
can be largely overcome by the special meltirg and 
castirg procedure. However, the Mg content has dis- 
advantages if any fusion weldirg has to be carried cut 
on the assembly durirg fabrication. The fatigue and 
creep values of this alloy are not very high ard do not 
show the great advantage over the lower strength D.T.D. 
131 and 133 that the excellent tensile figures would 
indicate. 

Mechanised Foundries 

One of the most startlirg changes in the industry 
oecurred in the foundries. With the quantities of castirg 
involved, the lay-cuts of the newer. foundries and mest 
of the older ones changed from that of a jobbing nature 
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to a highly mechanised controlled system. Sands and 
metal came under closer laboratory control and the use 
of sand-slirgers, mechanical conveyors and continucus 
furnaces for core drying, metal and mould conveyirg, 
and the use of knock-out gratings over conveyor belts, 
changed the entire atmosphere and cutlook. "That large 
foundries designed to handle thousands of mculds in a 
short period are now available in this pcst-war era 
should, assuming the demand for castirgs is great 
enough, enable large quantities of high-quality 
castings to be made at low costs. That these factories 
are often equipped with full heat-treatment, machining 
and finishing facilities should be to the advantage of all 
users. However, this is a field for the economist rather 
than the metallurgist. 


With the die-castirg alloys no settlement has yet been 
reached as to the superiority of one method over the 
other. Great strides have been made in the presses 
and dies and the production of larger, heavier and more 
intricate castings has been the general trend. Very 
little change has occurred in the alloys used, with the 
possible exception that the secondary alloys D.T.D. 
424 and 428 were also introduced into this field of 
casting. As with the normal castirg procedure the use 
of these alloys required a new technique—large gates, 
reduced casting temperature, higher die temperature 
and greater drafts on dies having to be intrcduced to 
obtain good castings. The alloys L8 and D.1.D. 165 
were the mainstay of the low-strength castings, whilst 
the L35, L33, D.T.D. 131, D.T.D. 133 and D.T.D. 304, 
were extensively used for castings of higher strength. 
The L33 carburrettor bodies for aero-engines were 
interesting examples of good quality high-strength 
castirgs. In connection with the die-casting industry 
it is worth mentioning that the theories Frommer 
advanced many years ago as to the phenomenon by 
which dies are filled seem to be of greater value as time 
passes. At present there is a trend towards the vacuum 
and precision methods of casting, but this has not yet 
reached the majority of foundries, it being corsidered 
too much of a specialist nature for the general founder. 


Surface Finishes 


During the war years many advances were made in 
the surface finishes of aluminium. The normal methods 
of anodising, using chromic, sulphuric or oxalic acid 
electrolytes were mainly applied for corrosion and 
abrasion protection rather than tor a decorative aspect, 
but all three were co-opted at times as an inspection aid. 
The recent developments in electroplating, especially 
that of chromium-plating aluminium to achieve high 
corrosion- and abrasion-resistance with lightness, has 
been of great value in the aero engine industry. One 
application in recent jet engine practice is in a gas- 
starter assembly in which a stainless steel rotor blade 
works against an anodised chromium-plated end cover. 
Lubrication of the faces is almost non-existent yet 
satisfactory results were obtained on high-temperature 
running tests. Another application was the chromium 
plating of forged aluminium alloy compressor blades to 
reduce air abrasion on the profile. 


The use of dyed anodised coatings is at present very 
restricted and limited to small size articles. One manu- 
facturer of furniture who wished to use dyed coatings 
for his larger wares had great difficulty in matching his 
colours to form sets. The outlook for dyed coatings is 
very wide, however, as is shown by the recent data 


released on the interior decorations of one of London's 
One type of coating which has gained favour recently 
is the photographic emulsion coatirg which, followed by 
a suitable printirg method allows batches of sheets to 
be machired in one set-up from the master printed 
sheet. This has the advantage that the processirg of the 
master sheets can be done in the comparative calm of 
the photographic room, whilst the mass production of 
the formed sheets can be carried out by semi-skilled 
labour. This method of production is admirably suited 
to jobs where the numbers invélved do not justify the 
costs of large presses and dies. Routers working at 
wood-working speeds complete the lay-out. 
X-ray Inspection 
The rapid strides made in the use of X-rays is also 
one of the great advances made. The fact that first-class 
castings have now to be satisfactory to the X-ray test 
shows to what extent the industry has come to rely on 
this new tool. The recent application of X-rays to the 
study of molten metal enterirg a mould indicates even 
wider possibilities of applications. 


Rolling Technique , 


The rolling mills developed in size and technique to 
counter the demand for larger and stronger sheets. The 
introduction of the high-strength alloys demanded 
heavier and more sturdy rolls and frames. Theories of 
metal flow and roll mechanism were incorporated as the 
advance went on. The limitations in the size of sheets 
was gradually shifted from the rolls to the methods of 
handlirg and transportir g the sheets abcut,the country. 
Since, however, the curtailment of aircraft ¢éontracts and 
the growth of the housirg sckeme, in which the Airoh 
house appears to be the only type of pre-fab worth its 
permanence, the great demand has been for materials 
of medium strength and high corrosion resistance. The 
fact that the rolling mills, and with them also the 
extrusion presses, were able to change almost overnight 
from aircraft to peace-time needs indicates the great 
flexibility of these sections of the industry. 


Applying Knowledge Gained 


What of the futare? The industry has in the past 
few years ably demonstrated that it can use the know. 
ledge gained in scientific advances on the aluminium 
alloys. The danger is that the general practice will tend 
to lag farther behind scientific advancements, but this 
feature may be one for the study of industrial economists 
rather than the metallurgists. It is, however, apparent 


* that recent research developments have opened up vast 


fields of possible uses for aluminium, as to-day many 
duties, which formerly could only have been carried out 
by the use of the ferrous and copper alloys, are now 
being satisfactorily performed with aluminium ana its 
alloys. 


Scientific Instruments Exhibition 


Tue Physical Society has planned to hold the 3lst 
Exhibition of Scientific Instruments and Industrial 
Apparatus in April, 1947, 9th to 12th inclusive, instead 
of the customary January, in the Physics and Chemistry 
Departments of Imperial College, South Kensington, 
London,8.W.7. Tickets will be obtainable early in March 
from Fellows of the Society and from Exhibiting firms. 
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Aluminium Alloy 


By E. D. Iliff, B.Sc. (Eng.) 


(The Northern Aluminium Co. Ltd.) 


Few believed that the increased output of aluminium, 
which had been absorbed by the aircraft industry during 
the war, would be absorbed in peace-time industry, yet 
in the change-over from war to peace bigger demands are 
being made for various forms of wrought aluminium, and 
although available mills and presses are in full produc- 
tion, these demands continue. In some measure this is 
due to shortages of other materials, but there are more 
enduring reasons discussed by the author together with 
some of the industrial fields in which aluminium is 
proving a satisfactory material from an economic as 


well as a utilitarian point of view. 


Teese years ago few could have anticipated the 
present position in the light alloy industry. By 
1944 the capacity for producing wrought forms 
of aluminium and its alloys had been increased to five 
times its pre-war volume. With the completion of the 
aircraft construction programme and the large scale 
call-up of factory personnel, production rates fell off 
very rapidly, and it was by no means certain that this 
was a transitory phase. Indeed it was almost incon- 
ceivable that the vast output which had been devoted to 
the production of aircraft could possibly be absorbed 
by industry. Yet, at the beginning of 1947, the demand 
for aluminium sheet material far exceeds the supply 
and extrusion presses are in full production. 

From this it can be seen that the development of the 
uses of aluminium alloys is phenomenal; and this is 
emphasised when it is recalled that the aircraft industry 
which took more than half the pre-war production. of 
aluminium now absorbs only a very small proportion. 

What factors have stimulated the demand for alu- 
minium? Shortage of other materials is one answer, 
and has had the most immediate effect. But there are 
other more enduring reasons of which price is the first. 

The tremendous increase in the production of alu- 
minium ingot entailed great capital outlay, and resulted 
in appreciable reduction in cost per lb. of the product. 
Aluminium is therefore in a position unique amongst 
industrial metals in that it is available in far greater 
quantity than ever before, and at a lower price. It 
must, however, be emphasised that these remarks apply 
primarily to the raw material. The price of wrought 
forms is generally higher than before the war, due to 
substantial increases in cost of manufacture. As regards 
availability, although at least six or seven times as much 
aluminium is fabricated as 10 years ago, the demand 
generally exceeds the supply. 

A second potent reason is that aluminium has estab- 
lished itself as an industrial metal, and is no longer the 
almost exclusive medium of the aircraft constructor 
and the holloware manufacturer. Many firms were 
introduced to aluminium by wartime contracts ; others 
are adopting it to-day .as a substitute material. Alu- 
minium, therefore, has been given opportunities of 
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One of six 
aluminium 
milk churns 
in service 
with Messrs. 
Dried Milk 
Products, 
Ltd., 
Wincanton, 
since 1943. 


proving its suitability for a wide variety of applications, 
and for a large number of these its adoption is likely to 
be permanent. 

Contracts for the supply of material for the Govern- 
ment-sponsored aluminium house have taken up about 
40%, of the country’s output of sheet and extruded 
sections. Although it is not generally believed that, 
aluminium will be used in the construction of houses to 
any great extent in the future, the all-aluminium house 
will undoubtedly leave its mark by extending the normal 
functions of this material, which is ideally suitable for 
decoration, windows, partitions, cupboards, fittings 
and furniture. 

Its employment in the main structure of buildings 
will be economically justified only to meet special 
requirements. A case in point is the prefabricated 
bungalow intended for use in the tropics. An important 
feature here is durability—the metal will not rot, is free 
from warping and swelling, is impervicus to attack by 
insects, and is fireproof. An all-metal construction can 
be very robust to withstand gales and torrential] rain, and 
provision is easily made for effective heat insulation. 

Aluminium may be adopted wherever the factor of 
self-weight plays a predominant part in the design of 
the structure. An. outstanding example of this is the 
door for the Assembly Hall at Filton for the Bristol 
Brabazon Mark I aircraft. The problem was to enclose 
an opening 1,045 ft. long and 65 ft. 9 in. high. Esavian, 
Ltd., the designers of this door, came to the conclusion 
that aluminium alloys were the only-suitable materials 
for its construction. Built in three sections, and weigh- 
ing 200 tons in all, the door can be thrown-open in two 
minutes, moving at the rate of 80 ft. per minute. 
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Dragline excavator working in South Wales ; 110 ft. boom 
in aluminium alloy. 


More ordinary examples of the use of aluminium in 
structural engineering include dragline excavator booms 
and buckets, jib cranes and mechanical shovels, for all 
of which an important increase in range and speed of 
operation, and lessening of ground loading, can be 
achieved by the use of lighter materials. In the case of 
a certain 5-ton overhead travelling crane a weight 
reduction of nearly 50°% was made as compared with an 
equivalent design in steel. The measured deflection 
under test was considerably less, and there is no doubt 
that if the crane had been designed to exhibit the 
maximum permissible deflection under load, its tare 
would have been reduced by at least another 10%. 

It should not be assumed that the cost of a crane will 
necessarily be increased by corstructing it in aluminium 
alloys. On the contrary, calculations show that cranes 
of wide span and low ratirg (e.g., 80 ft. span 5-ton 
rating) ean actually be made more cheaply in aluminium 
alloys. Even in less favourable cases economic justifica- 
tion for the higher cest of aluminium alloys is to be 
found in the appreciable reduction in loading of buildings. 
This may allow substantially lighter steelwork in the 
design of new buildirgs, while cranes of higher rating 
could be used in existirg buildirgs than would otherwise 
be permissible. By minimising the weight of cranes the 
cost of maintaining tracks may be considerably reduced, 
and production less frequently interrupted by overhauls. 

An interestirg development is the use of aluminium 
alloys for scaffcld tubes. Lightness is a tremendous 
asset in scaffold tubes, enabling transport costs and 
erection time to be drastically cut. The corrosion 
resistance of suitable alloys is sufficiently superior to 
that ot steel to ensure longer life. A straight substitution 
of aluminium alloy for steel in scaffold structures is 
possible when self-weight is mainly responsible for the 
load. The lower modulus of elasticity might at first 
appear to be a serious disadvantage. In practice, how- 
ever, this is not found to be the case, and the greater 
resilience of aluminium alloys may actually be advan- 
tageous, giving warning of excess loading before the 
danger point is reached. 

The limiting of inertia and deadweight has always 
been the aim of designers of all forms of transport. But 
in these competitive markets, the economic case for 
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using relatively expensive materials has 
to be almost self-evident, as it is with 
aircraft. In road transport- considera- 
ble interest has always been shown in the 
use of lighter materials, especially for 
commercial vehicles, in which minimi- 
sation of taxation, increase of payload 
and economy of operation have direct 
bearing on profits. A great deal of 
experimental work is being undertaken 
by manufacturers of motor-car bodies, 
and there seems little doubt that the 
eventual result will be the large scale 
adoption of aluminium alloys for body 
components such as doors, wings, boot, 
sliding roof, hub caps, and even com- 
plete bodies. 

Developments in this field are 
proceeding as fast as the supply 


Aluminium alloy shaker conveyor troughs tested by 
Messrs. Powell Duffryn, Ltd., weight 97} Ib. as compared 
with steel trough 226} Ib. 


situation permits. The continucus rolling mill, for 
which plans were recently anncunced by Northern 
Aluminium Co. is likely to influence the attitude 
of the road transport industry to light metals. It 
is anticipated that, for the first time in this country, 
aluminium sheet will be available in sufficient quantities, 
and at a competitive price, to bid for the car-body market. 

Meanwhile new ways of using light alloys to simplify 
construction are being investigated. These include the 
employment of castings in place of members built up 
from extruded sections and sheet ; for example, lorry 
cross-bearers, and the cantrail sweep and corners of 
bodies of commercial vehicles. ‘The use of extruded 
sections, and especially hollow sections, is being 
developed with a view to simplifying assembly as well 
as minimisirg weight. 

Little progress has been made in this country in 
arousing the active interest of railway engineers in light 
alloy construction, though the newer materials— 
aluminium and plastics, are being applied to equip and 
decorate special trains. An important development has 
been the adoption of aluminium alloy window frames 
for a large number of new passenger coaches. For Diesel 
and electric trains operating on local and stopping 
services minimising of deadweight and inertia’ is so 
obviously desirable that light alloys can scarcely be 
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overlooked. But development need 
not stop at fast passenger travel. A 
saving in weight of 25 cwt. was 
achieved by panelling a min ral 
wagon with aluminium alloy plate. 
Based on two years’ experience of 
this truck in normal service, plans 
are in hand for a mineral wagon 
constructed mainly of aluminium 
alloys and weighing less than half 
the normal tare. 

An appreciable change can be 
discerned in the attitude of shipbuild- 
ers to light metals, due to the ex- 
cellent prima facie case for aluminium 
alloys. Large numbers of small craft 
have been, or are being built, in- 
cluding lifeboats, dinghies and patrol 
launches, and some progress in the 
main stream of shipbuilding is 
evident. Orders have been placed 
for the construction of light-alloy 
superstructures in a number of trawlers, and all- 
aluminium construction is contemplated for others. 
The successful performance of these will no doubt pave 
the way for more ambitious experiments, and at present 
marine architects are facing up to the fundamental 
problems of design involved in the large scale application 
of light alloys to shipbuilding. 

Aluminium is outstandingly suitable for use in lining 
fish holds in trawlers because it is non-abscrbert, non- 
toxic and resistant to corrosion ; it is light, and has low 
enlissivity and high reflectivity of heat. Experience 
extending over 18 months has shown that aluminium- 


Withdrawal and anchor props in aluminium alloy. Weight 
17 Ib., in steel 48 Ib. 


lined fish rooms keep fish in good condition far longer. 
That this is due partly to the insulation afforded by the 
metal lining is shown by the fact that less ice is required ; 
but a direct comparison under identical conditions with 
a specially insulated wood lined hold suggests that an 
important. virtue of the metal lining is that it is non- 
absorbent and, being easily washed down, does not 
harbour bacteria. There seems little doubt that before 
long the standard material for the fitting of fish holds 
will be aluminium alloys. 

The same properties make aluminium an obvious 
choice for the equipment of refrigerator rooms, cold 
storage depots, and insulated vans for the transport of 
frozen meat. 

Tt has long been accepted that the best receptacle for 
domestic refuse is a metal bin, and galvanised iron has 
served this purpese admirably. It is, therefore, some- 
what surprising that Municipal Authorities generally 
use large wickerwork baskets for the collection of refuse. 
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This 5-ton crane in aluminium alloy weighs 5 tons 19 cwt. Equivalent steel 


crane weighs 11 tons 6 cwt. 


Presumably galvanised iron receptacles would be too 
heavy to handle. In the case of one Municipality a 
refuse basket, when new, weighed 15 Ib., though after 
some time in service the average weight was found to be 
21 Ib. due to absorption of moisture and adhesion of 
refuse. Experimental work was undertaken to see 
wrether a more satisfactory container could be designed, 
and alumirium alloys provided the solution to the 
problem. The aluminium birs now adopted are far 
more hygienic, and have much longer life than the 
wicker containers, and weigh only 10 Ib. for the same 


capacity. 


Reduction in weight of portable equipment is of the 
greatest importance to miners, and many colliery firms 
are showirg interest in the use of aluminium alloys. 
Items which have been successfully tested include coal 
drills; anchor and withdrawal props; sylvesters ; 
beam stackers ; complete trams, including wheels, axles, 
and shackles ; conveyer heads ; and fans for face and 
heading ventilation. Substantial savings in power and 
operating costs can be effected by the use of light alloys 
for mine cages and skips, particularly for deep shafts ; 
and aerial ropeway buckets are another obvious applica- 
ticn. 

Aluminium alloys are being considered, because of 
their lightness, in another very different field: the 
printing industry. To those unfamilar with printing 
technique, it may be explained that type matter and 
blocks for illustration are assembled in a metal frame 
called a “‘ chase.”” The spacers used to lock type and 
blocks in position are known as “ printing furniture,” 
and the complete assembly of type, blocks and furniture 
within the chase is called a ‘‘ forme.” Furniture may. 
be of wood or metal, lead-zinc alloy pressure die castings 
being commonly employed for the latter. Although 
with careful treatment this has longer life than wooden 
furniture, it is heavy, and it frequently requires two or 
three men to handle a large ‘“‘forme.” Further, the 
metal furniture is soft, and is easily damaged if subjected 
to rough usage. Aluminium alloy extruded sections, 
therefore, have great advantages, including, be it noted, 
a very much lower price than that of the pressure die 
cast article. 

The drastic change in the relative prices of aluminium 
and copper is engaging the attention of electrical manu- 
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facturers. For equivalent duties, it is estimated that 
the average cost of aluminium busbars is now less than 
half that of copper. It is only to be expected that some 
time will elapse before the economic position is fully 
appreciated, and electrical manufacturers become 
accustomed to using aluminium as a standard material 
for busbars. 

Some interest has been shown in aluminium conductors 
for insulated cables, but here more valid grounds for 
conservatism are afforded by the problems of jointing. 
For flexible cables of high current rating, however, 


Fishroom of trawler ‘‘ Charmouth ”’ lined with aluminium 
alloy sheet on framework of extruded sections. 


Coal tram in aluminium alloy, with shackles, wheels and 
axles in aluminium, a reduction in weight of about 63% 
is effected, 


lightness is very much to be desired, and mechanical 
joints should be quite satisfactory. Another promising 
line of investigation is the use of aluminium as a material 
for sheathing cables to replace lead, and, in the case of 
mineral insulated conductors, copper. In this instance 
the price differential is so greatly in favour of aluminium 
that there seems every possibility that the necessary 
effort will be devoted to developing a technique of 
extruding aluminium sheathing. 

Lightness and ease of manipulation rather than price 


are the advantages offered by aluminium as a material 
for electrical conduit tubing. By a straight substitution 
of drawn aluminium tubing for steel or copper the weight 
can be reduced by about two-thirds. In this case the 
tubing would be drawn to a fairly hard temper and the 
ends screwed as in normal steel conduit practice. Another 
proposal is to use a heat-treatable, instead of work- 
hardening alloy for the tubing. This would then be 


extruded to give the minimum possible wall thickness, 


and would be quenched at the die. Tubing so produced 
would have adequate ductility to enable set bends to be 
made, thus dispensing with standard conduit fittings 
such as elbows and bends, Special couplings would 
be used to eliminate the necessity for threading the 
ends of each length of conduit,which would be thinner 
than the equivalent steel conduit, and so less than one- 


Extruded sections in Noral 51S alloy. Door to be made by 
Esavian, Ltd., for Bristoi Brabazon Assembly Hall. 


Close-up of aluminium alloy sylvester. Weight, 11} Ib., 
as compared with 26 Ib. of similar steel sylvester. 


third the weight. With the type of coupling envisaged 
draw-in boxes also would be unnecessary since joints 
could be broken and re-made without. twisting the 
cable in the conduit. It is considered that this system 
would very greatly simplify electrical installation work, 
and that the cost of the conduit and couplings, and the 
fewer necessary fittings, would be less than that of 
heavy-gauge galvanised steel. 

_ Although aluminium has been used for many years in 
dairy equipment, cost has militated against its large 
seale adoption for milk cans or churns. At the present 
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Rectifying a Noral 51s section for the Esavian door: 


time the supply of tinned steel churns is insufficient to 
meet requirements, and attention has beer focussed on 
the fact, already appreciated abroad, that aluminium 
is an ideal material tor the purpcse. Because of its 
intrinsic suitability this should be a permanent as 
opposed to a shortage application of aluminium, provided 
the cost of manufacture can be reduced. A seamless 
deep drawn or spun can is the ideal, but both these 
methods of production are costly, and churns thus made 
could never compete with tinned steel when supplies of 
the latter material again become easy. Varicus com- 
promises have been attempted, some with considerable 
success, in producing churns in two or more parts and 
seam welding them together. There is little doubt, 
however, that the final solution will be found in the 
development of a deep drawing technique which will 


permit a high rate of production of a seamless can. 
Churns so produced would be competitive with the 
tinned steel article when relative length of life and the 
cost of re-tinning the latter are taken into consideration, 
and at the end of their useful life they have appreciable 
scrap value. There exists here a considerable market for 
aluminium, since a formidable number of churns is 
required each year. 

Another instance in which the shortage of standard 
materials creates an opportunity for the introduction ot 
aluminium on a permanent basis is that of beer barrels. 
Aluminium has been extensively used on the Continent, 
and in the U.S.A., for small barrels containing lager 
and other light beers, but little information has been 
published regarding the suitability of aluminium for the 
British type of heavy beer, which is normally stored in 
much larger casks. There is every reason to believe, 
however, that aluminium, either unprotected or given 
an inexpensive surface treatment, would be perfectly 
satisfactory in service, and the main problem is to 
produce a suitable cask at an economic price. Whilst 
development work has not proceeded as far as in the 
case of the milk churn, investigation suggests that the 
only economically practicable method is by deep drawing, 
and it is expected that suitable equipment will be avail- 
able before long. 

In this summary over a dozen different fields of appli- 
cation of aluminium have been mentioned. To attempt 
to cover even the majority of developments within this 
space would have been merely to compile a list ; to do 
full justice to any one subject would have taken up the 
whole of the space available. Attention has, therefore, 
been directed to a few of the more important and perman- 
ent future applications, leaving extensive gaps to be 
filled in by the imagination of the reader. 


Surface Hardening of Aluminium and its Alloys 
By K. G. Rostnson, B.Sc., and B. W. Morr, M.A. 
An account is given of some experiments made to investigate the possibility of hardening 


the surface of aluminium and its alloys. 


Work was carried out to produce a suitable 


surface layer of copper-rich constituent and it is shown that by careful control of conditions 

a hard surface layer of good uniformity can be produced. No claim is made that the 

method described will meet with immediate application, but it is suggested that the technique 
could be applied to advantage in certain cases. 


a satisfactory method of surface hardening 

aluminium alloys could be developed, it would 
be of considerable value and that there would be wide 
scope for its application in aircraft, particularly in aero- 
engines. The characteristics required of such a coating 
would vary with its application. For example, it is 
possible that definite advantages would be obtained by 
surface hardening the ring grooves of pistons and 
similar parts subjected to wear. Further, it is con- 
sidered that the combination of a hard surface on a soft 
aluminium alloy base would give desirable properties 
for light duty bearings. 

One method of producing a hard coating on aluminium 
alloys is to anodise in solutions of sulphuric acid, chromic 
acid or oxalic acid. .It is claimed that the oxide films so 
produced have good bearing properties by virtue of the 
oil retaining properties of the film, The anodic film 


TT work was undertaken as it was felt that if 
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gives good resistance to corrosion and to heat, but has no 
marked beneficial effect on the fatigue or creep properties 
of the alloy, and it was not considered that. surface 
hardening by this means was entirely satisfactory. 
Attempts have been made by various workers to produce 
hard electroplated coatings of chromium and _ nickel, 
but these have not proved very successful. It is under- 
stood that experiments were carried out in America to 
enrich the surface layers of aluminium alloys with silicon 
but the benefits produced were not sufficiently marked 
to be worthy of commercial application. It is well known 
that the nitriding of steel results in an improvement in 
fatigue properties by virtue of the state of compression 
at the surface due to interstitial solid solution of the 
nitrogen in the iron lattice. It was considered that a 
surface treatment Of aluminium alloys which would 
bring about a similar result would be very valuable. 
A consideration of the conditions required for interstitial 
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solid solution shows that the number of possible elements 
is quite smal] and that the atomic diameter of even 
boron is greater than the value which would be required 
for interstitial solid solution. Accordingly it appeared 
that it was not possible to harden the surface by a treat- 
ment similar to that of nitriding. 


Fig. 1-—Typical area of 
sample as copper plated. 
x 500. 


Intermetallic compounds of aluminium are known to 
possess high hardness and consideration was given to the 
possibility of producing a laver of some hard constituent 
on the surface. It was felt that the compound should 
not be too brittle and the metal from which it was formed 
should have a reasonable solid solubility in aluminium 
at elevated temperatures in order to facilitate diffusion 
and a small solubility at lower temperatures to ensure 
stability. Copper* appeared to be suitable on these 
considerations and work was carried out to produce a 
suitable surface layer of copper-rich- constituent on 
aluminium and its alloys. It was anticipated that con- 
siderable difficulty would be encountered in the forma- 
tion of a sound, homogeneovs deposit of copper which 


i 


Fig. 2. for 5 hours. Fig. 3.—Heated for Fig. 4. for 24hours Fig. 5 
°C x 500. 


500°C. x 500. at500°C. x 


would adhere to the parent metal during subsequent 
heat treatment. Uniform diffusion of the copper would 
naturally depend on having intimate and continuous 


contact between the two metals. Originally attempts 
were made to copper plate in an acid copper sulphate 
bath after pickling in solutions containing hydrofluoric 
acid, but it was found that deposits obtained after this 
pre-treatment were susceptible to blistering, especially 
during the subsequent heat-treatment. It was eventu- 
ally decided that a process similar to that developed by 
Travers! was the most suitable. The process as applied 
to duralumin and aluminium samples is as follows: 
The samples in 16 S.W.G. sheet measuring 1 in. x0-5 in., 
were degreased in trichloroethylene and pickled in a 
solution containing 5 grammes per litre of sodium 
cyanide until no further water-break was observed. 
After this cleaning treatment the material was anodised 
for 10 minutes in an oxalic acid electrolyte containing 
30 grammes oxalic acid per litre at 50 volts A.C. with a 
bath temperature of between 16° and21°C. A number 
of similar samples were disposed in the tank so that each 
sample served as a counter-electrode for those adjacent 
to it. Following the anodic treatment, the samples were 
carefully rinsed.in cold water and modified in a solution 
containing 60 grammes of sodium cyanide per litre. As 


experience was gained, the completion of modification 


could be judged fairly accurately and once the end-point 
for a particular set of conditions had been determined, 
the process was carried out on a time basis. The surface 
prepared in this manner was then ready for the plating 
operation which was carried out at a current density of 
20 amperes/sq. ft. at room temperature in a bath con- 
taining 200 grammes of hydrated copper sulphate per 
litre and 20 millilitres of sulphuric acid per litre. 
According to Travers' various theories have been 
proposed to account for the good adhesion obtained by 


was rece'ved in August, 1944, through the Brt'sh Central 
Se ent fic Office, Wash ngton, that Alcoa had exper mented w.th copper-plat ng 
aluminium surfaces followed by heating to form CuAl,. No experimental details 
were suppl-ed. 

1 W. J. Travers. 


“ Plating on Aluminium.” Trans. Electrochem: Soc., 73, 
1239, pp. 201-206. 


Heated for 74 hours 
at 500° C. x 500. 


Duralumin samples showing diffusion after selected periods of soaking at 500° C. 
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Fig. 6. 


this process. Perhaps the most plausible theory is that 
the modifying treatment pierces the anodic film (nor- 
mally considered to be a good dielectric), with numerous 
tiny holes, thereby permitting the subsequent copper 
plate to anchor itself on to the metal surface under- 
neath. In an attempt to obtain better adhesion between 
the coating and the aluminium, a thin coating of nickel 
0-00025 in. in thickness was first electroplated on to 
some of the samples by plating in a nickel sulphate 
bath, followed by the usual coating of copper 0-0005 in. 
thick. It was considered that the nickel to aluminium 
interface would be better than the copper to aluminium 


‘and that diffusion of the copper would take place through 


the nickel, although it was not known what the com- 
position of the surface layer would be after diffusion. 
Further, in an attempt to reduce oxidation of the copper 
during heating without the use of a controlled atmosphere, 
some samples were given a flash of nickel over the 
copper. 

Diffusion of the copper was obtained by heating at 
5C0° C. in the case of duralumin samples, the time of 
heating depending on the thickness of the copper deposit 
and on the degree of diffusion required. At a tempera- 
ture of 560° C., copper oxidises at a fairly rapid rate, 
so that with the enon heating involved, the loss of 
copper as oxide was quite appreciable without the use of 
a controlled atmosphere. This meant that the amount 
of copper availabie for diffusion was a variable quantity, 
depending upon the degree of oxidation during heat- 
treatment. “Several controlled atmospheres were used, 
and it was found that an atmosphere of oxygen-free 
nitrogen was quite suitable, reducing oxidation to a 
negligible amount. The duralumin samples were cold 
water quenched from the diffusion temperature of 
5C0° C. and aged for two days at room teniperature to 
facilitate polishing. 

Owing to the brittleness of the coatine and the 
difference in hardness between the coatings and the 
parent metal, preparation of specimens was ‘carried out 
by a special procedure for microscopical examination in 
order to preserve the coating as much as possible and to 
reduce the amount of relief. All the specimens. were 
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Fig. 6.—-Sample 
of plated and 
heat-treated 
material under 
polarised light. 
Heated for 5 
hours at 500° C. 

x 500. 


Fig. 7.-Hardness 
impressions on a 
sample heated for 
24 hours at 500°C. 
x 250 


Fig. 7. 


mounted in bakelite and ground on dry emery papers to 
grade 000, foilowed by polishing on selvyt cloth with 
metal polish. Any relief from the latter stage was 
removed by polishing on blanket cloth with magnesia 
and water which left very fine scratches on any unchanged 
copper on the surface of the sample. These fine scratches 
were easily removed by lightly polishing again on the 
selvyt cloth and metal polish without causing any 
further rehef. The final polish was obtained on a Cooke, 
Troughton, and Simms automatic machine, using 
selvyt cloth with alumina and water. 

A number of samples were examined in the as-plated 
condition in order to check the uniformity and adhesion 
of the coating. In general the adhesion of the copper 
was good although on some of the earlier samples pre- 
pared before the plating technique had been standard- 
ised, a few discontmuities were observed along the 
specimens. The modified anodic film was always present 
as a dark interface and appeared to be continuous and 
uniform. The film can be observed in Fig. 1, which 
shows a typical area of a sample as copper-plated. In 
the samples plated with both nickel and copper, adhesion 
between the nickel and the aluminium alloy was good 
and no discontinuities were observed in the sections 
examined. The copper-plated specimens were sectioned 
and prepared after various times of soaking at the 
diffusion temperature of 500°C. The a of the 
duralumin samples after selected periods of soaking are 
shown in Figs. 2-5. Examination showed that diffusion 
had taken place with the formation of two clearly 
defined layers of different composition. The ovter layer 
adjacent to the remains of the copper plating was 
identified as the CuAl phase wnile the inner band adja- 
cent to the parent metal was identified as CuAl,. The 
boundary between the two phases was sharply defined 
as shown in the photomicrographs and the two layers 
were distinguished by differences in colour and polishing 
characteristics. The copper-rich phase appeared to 
be the more brittle of the two as it was susceptible to 
mechanical damage during polishing and often appeared 
to be broken in some areas in the microsections. The - 
aluminium-rich phase seemed to be reasonably ductile 
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and no difficulty was experienced in preserving it during 
polishing. 

Tn the early stages of the heat-treatment, the copper- 
rich phase preponderated but with prolonged heating 
and more complete conversion of the copper, the extent 
of the aluminium-rich phase progressively increased at 
the expense of the copper-rich phase, until eventually a 
homogeneous band of CuAl, was obtained. Throughout 
heat-treatment, the modified anodic film retained its 
identity as a continuous band, and it was apparent 
that diffusion of copper and aluminium was taking place 
through the film. Examination of sections through the 
samples having a double coating of nickel and copper 
after heat-treatment in air, showed that oxidation of the 
copper had been prevented by the presence of the outer 
layer of nickel, but the phase formed on the surface 
was rich in copper and nickel and was considerably 
softer than the Cu-Al phases obtained in the absence of 
nickel. Samples of the plated and heat-treated material 
were examined under polarised light in the unetched 
condition and Fig. 6 shows the type of structure observed 
after heating at the diffusion temperature for 5 hovrs, 
This photomicrograph illustrates the columnar grain 
structure present in the aluminium-copper phases, a 
feature which is typical of diffusion processes. 

The hardness of the coating was determined with a 
Tukon Micro-hardness Tester, using both a standard 
Vickers diamond indentor and a Knoop diamond 
indentor. The Knoop indentor produces a diamond- 
shaped (rhomb) indentation having long and _ short 
diagonals with a ratio of approximately 7:1. The 
pyramid shape employed has an included longitudinal. 
angle of 172° 30’ and included transverse angle of 130°. 
It is claimed by the American manufacturers that the 
Knoop indentation as measured on the long diagonal is 
free from error due to “ brink ” effect. The combination 
of light load and shape of the Knoop indentation has 
little tendency to crack or spall brittle material, and the 
long diagonal is little affected by elastic recovery. Fig. 7 
shows a typical series of micro-hardness tests made 
across a sample heat-treated for 24 hours at 500°C., 

_illustrating the increased hardness ranges obtained in the 
surface layers by the procedure outlined in this article. 
It will be noted that the Vickers diamond impressions 
show some distortion, arising from local variations in 
hardness, possibly due to the presence of minute inter- 
metallic particles. As the degree of distortion appeared 
to be less with the Knoop indentor, and as the small 
Knoop impressions obtained with the very light loads 
were easier to read, the Knoop indentor was used for the 
majority of the tests. Even so, some scatter in the 
results was obtained. A large number of hardness tests 


were made using the Tukon Micro-hardness Tester with 
the Knoop indentor and a load of 50 grammes, from 
which it would seem that the copper-rich phase (CuAl) 
has a Knoop hardness of approximately 550, while the 
aluminium-rich phase (CuAl,) has a Knoop hardness of 
approximately 420. The Knoop hardness values are in 
fairly close agreement with the values obtained with the 


Vickers diamond indentor; on the Vickers Hardness 
Scale the copper-rich phase has a hardness of 580 V.P.N. 
while the aluminium-rich phase has a hardness of 390 
V.P.N. 


Conclusions 


By carefvl control of conditions throughout the 
process, it is possible to obtain a hard surface layer of 
reasonably good uniformity on aluminium-base alloys. 
It has been mentioned that the copper-rich phase is 
brittle and therefore, in any practical application where 
a hard surface is required, it would appear advisable to 
either remove any copper-rich phase which might be 
present by mechanical means, or select a given thickness 
of copper deposit and time of heating to give a uniform 
aluminium-rich phase at the surface. It should be 
pointed out that 500°C. was chosen as the diffusion 
temperature throughout the investigation, in view of the 
fact that the majority of the samples used were in 
duralumin and 500° C. was considered to be the optimum 
safe temperature of heat-treatment for this material 
If other aluminium alloys were used, however, such as 
that to B.S. Specification B.L. 40, temperatures of the 
order of 530°-540° C. could be used to advantage without 
risk of overheating the basis material, with a consequent 
increase in the rate of diffusion of the copper and a 
marked decrease in the time required to produce a 
homogeneous layer of CuAl,. It is considered that if 
the coating were sound and homogeneous, the corrosion 
resistance would be good, but in the event of an unsound 
coating or rupture during service, then the corrosion 
resistance would be considerably reduced. 

No claim is made to have developed a method of 
surface hardening aluminium alloys which would meet 


' with immediate application, but it is felt that the results 


of this work suggest that the technique could be em 
to advantage in certain cases. 
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Film on Heat-Treatment of Aluminium 
Alloys 


The Aluminium Development Association have added 
another film to their collection for projection in Technical 
Colleges or similar educational organisations. The new 
film, which has a running time of 18 mins., depicts 
British technique in the heat-treatment of aluminium 
alloys, which is responsible for their high strength. It 
recapitulates the initial discovery of age-hardening by 
Alfred Wilm in Germany and provides a simplified 
explanation covering the mechanism of age-hardening, 
hardening by cold work, and of annealing. A description 


of the practical aspects of heat-treatment is then given, 
with the layout of furnaces and quenching tanks, and 
the types of furnaces actually used. The rolling of 
aluminium alloy sheets, their final heat-treatment and 
levelling are briefly described, and the film concludes 
by illustrating some modern uses. 

Copies of the film—in both 35 mm. and 16 mm. sizes 
for sound projection only—may be borrowed free of 
charge. Applications for the loan of this or other films 
in the Association’s collection should be addressed for 
the attention of the Librarian, Aluminium Development 
Association, 67, Brook Street, London, W. 1 
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The Use of the 


Low- Frequency 


- Electric Induction Furnace for the 


Melting of Aluminium Alloys 


By S. 


Boxall 


The advantages and disadvantages of melting aluminium alloys in the low-frequency 
induction furnace are briefly discussed. Since heat is generated within the charge, it 
is claimed that there are no products of combustion : thus, hydrogen, which is present in 
fuel gases, is not likely to contaminate the charge: the rotary motion imported by. the 
furnace reduces the possibility of segregation, and the temperature can be controlled within 


fine limits. 


HE low-frequency induction furnace is becoming 
increasingly popular for the melting of aluminium 
alloys. For successful routine melting of aiu- 

minium alloys some special requirements must receive 
consideration if high-quality castings are to be produced. 
These requirements, dictated by the high chemical 
reactivity of aluminium may be summarised thus :— 
1. No possibility of contamination by furnace gases. 
2. Freedom from non-metallic inclusions. 
3. Complete chemical homogeneity. 
4. Very close temperature control. 

The induction 
furnace fulfils these 
demands very well 
indeed. Heat is 
generated within 
the charge and con- 
sequently there are 
no products of com- 
bustion ; the rotary 
motion imparted to 
the molten charge 
minimises the possi- 
bility of inclusions 
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segregation of alloy- 
ing elements; by 
— of a control- 
led voltage supply, 
temperature is con- Coss. 
fine limits. Other 
advantages are the 

extreme cleanliness and ease of operation typical of the 
heating medium, high thermal efficiency due to good 
thermal insulation and simple design, low melting losses 
to the order of less than 1%. 

The design of the induction furnace is such that a 
narrow V- or U-shaped channel occupies the lower part 
of the hearth, A low hysterised laminated magnetic core 
and the primary coil of a transformer are inserted through 
the centre of this channel. The molten metal in the 
channel then forms the secondary of the circuit and in 
operation, with: the furnace switched on, a certain 


amount of molten metal must be left in the furnace at 


all times. During shut-down periods the furnace may 
be either left “ idling ” containing the molten float only, 
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Fig. 1.—Diagram of U-shaped channel-type induction 
furnace. 


In addition, the furnace is clean in operation, and melting losses are low. 


or the furnace may be switched off, the metal emptied out 
and the channel kept warm by means of a gas torch or elec- 
tric heater. Ifthe refractory lining of the furnace is allow- 
ed to get cold, cracks may develop due to contraction. 

Fig. 1 shows a diagrammatical representation of an 
induction furnace of the U-shaped channel type. The 
preformed refractory block or channel stone is held in 
place by a cylindrical former placed through the coil 
hole. The bottom half of the furnace is then built by 


_ramming plastic refractory cement round the channel 


stone until the top of the stone is reached. The top half 


Fig. 2.—A V-shaped channel-type 
induction furnace. 


or holding hearth of the furnace is lined first with heat- 
insulating bricks then with refractory cement rammed 
round a cylindrical former. Ramming is best done with 
a pneumatic hammer. The lining is then dried with a 
gas flame or an electric dryer for six days, the heat being 
increased gradually. A charge of scrap metal is then 
loaded to absorb all remajning moisture, the metal 
being degassed regularly. Test ingots are cast and 
examined for gas holing until the furnace lining is 


“shown to be entirely free from moisture. This takes 


about four days usually after which the furnace is ready 
for working. — 

Fig. 2 shows a furnace with a V-shaped channel. A 
different building technique is used, the whole of the 
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furnace lining being rammed solid, the channel being 
formed by wooden inserts which are burnt out later. 

So far only the advantages of the furnace have been 
mentioned, but there are three important disadvantages. 
They are: (a) A high initial cost ; Devereux" gives the 
cost as £1,700 as against £1,000 for a similar capacity 
oil-fired crucible furnace. (6) Lack of flexibility in 
operation due to the need for a molten float. This makes 
the furnace unsuitable where very short runs on a wide 
variety of alloys are required ; where long runs on one 
alloy are called for, this trouble is, of course, negligible. 
In some cases it is possible to convert a float to the 
desired composition by adding quantities of Key alloys. 
To take a simple case, if casting a binary aluminium 
alloy with 4% Cu and it was required to change over to a 
binary aluminium alloy with 8% Cu it would only be 
necessary to add the correct amount of copper hardener 
to the float to convert it to the 8% composition. (c) 
Excessive breakdown time. The main difficulty 
encountered when melting aluminium alloys in the 
induction furnace is blockage of the channel by oxide. 
Oxides formed during melting are drawn down into the 
channel and form a hard tough coating on the channel 
walls. The usual practice is to clear this as much as 
possible by driving a cleaning instrument in the form 
of a jointed chain through the channel in the case of the 
U-channel furnace. Such an arrangement is shown in 
Fig. 3._ A small diameter tool is used first, then larger 
ones. 

Cleaning of the channel of the V furnaces is effected 
by using a hammer and a long chisel. 

Failure of the induction furnace when melting alu- 
minium is almost always due to either channel blockage 
breaking the molten secondary or cracks initiated by 
hard cleaning. So it will be readily appreciated that 
this tendency of aluminium to clog the channel con- 


Fig. 3.—Cleaning the U-channel. 


stitutes a major problem in the development of the 
induction furnace, especially in view of the long time 
taken to strip, rebuild and dry the furnace lining. 
Much work has been and is being done on this problem. 
Melting under vacuum or under an inert gas such as 
nitrogen to reduce oxidation is one possible solution. 
Tama’ has described a furnace with side ports which 


‘ 3 W. ©, Devereux, Procedures of the Institute of British Poundrymen. 1938-9. 
am, xxxii. 
2 Manuel Tama, METALLURGIA, April, 1945. 


may be opened to give easier access to the bottom of the 
channel for cleaning. German workers* have proposed a 
furnace where the base may be completely removed for 
cleaning. This furnace is shown in Fig. 4. 

When it is desired to clean the furnace, the beam is 
unscrewed and removed complete with closing stone, 
the cement is chipped out and the asbestos sheet removed. 
This leaves the base of the channel perfectly accessible 
for cleaning with straight chipping tools. After cleaning, 
a new sheet of asbestos is inserted and backed with 
cement, the closing stone and beam fixed in place and 


Fig. 4—Furnace with removable base for cleaning 
purposes. 


screwed on. Such cleaning is only resorted to after 
several months operation, normal cleaning being done 
with chains. 

In conclusion the low-frequency induction furnace 
has many advantages and some disadvantages where 
melting of aluminium alloys is concerned. Recent 
developments, however, will probably eliminate these 
disadvantages or at least reduce them to negligible 
proportions.. 

3 German Patent 482,560 (Eng.) 


Steam Generators 


Deraits of some of the boiler plants designed and 
installed by Mitchell Engineering, Ltd., are given in an 
exceedingly well produced book recently published. 

In it are described forced circulation boilers of the 
Loeffler type, which have been successfully operated for 
several years at a pressure of 2,000 Ib. /sq. in., with a 
steam temperature of 930°F.; natural circulation 
boilers of the well known Mitchell “ Tre-drum,”’ “‘ Two- 
drum,” and Peterborough types. The outstanding 
features of those boiler plants are admirably set out 
and the text is supported by first class illustrations, 
many of which are in colour. 

This book, which is 10} x 8 in. in size and contains 
64 pages, has been compiled to stimulate engineering 
development and to further interest in the technical 
field. Mechanical handling equipment, civil engineering 
cableways, aerial ropeways, cranes, screening equipment, 
pumps, building materials, cooling towers, combustion 
equipment, industrial flooring systems, are the subject 
of separate books. All or any of these publications will 
be sent post free on request to Industrial & Engineering 
Development Association, Publications Department, 
Stanground, Peterborough. 
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The Chemical and Physico-Chemical 
Analysis of Iron and Steel 


Five Years’ Advancement 
By. E. C. Pigott 


This is the concluding part of an exhaustive and descriptive bibliography of contributions 
on ferrous analysis published during the period 1942-46 inclusive. 


Hydrogen 
A considerable amount of research has been devoted 
to the accurate determination of hydrogen ; notably in 
this country and the United States. While tedious and 
exacting on apparatus the method of het extraction 
from specimens melted with tin is claimed to be 
more reliable than other methods. 


Brown, Derge et al., Mraver, Naughton, Post and Schoftstahl, 
Scafe, Thompson, Yenson and McGeary. Trans. Amer. Inst. 
Min. Met. Eng., 1945, 162, 353-423. 


Vacuim fusion and vacuum extraction methods. 


Colbeck and Craven. J. Iron and Steel Inst., 1943, 148, 298P. 
Vacuum heating (1.0.1. method). 


Geller and Tak-Ho-Sun. Arch. Hisenhiittenw, 1944, 17, 159. 
With 0, in liquid steel ; description of special vacuum fusion apparatus for draw- 
ing liquid steel into quartz glass pipette and collecting gases without access of 


atm aphere. 
Newell. J. Iron Steel Inst., 1943, 148, 278P, 287P. 
Review of current methods : vacuum heating (Brown-Firth method ). 


Rollason and Mance. Welding, 1945, 13, 436, 461. 
In weld metal. 
Rooney, Welding, 1946, 14, 178, 226, 236. 
With oxygen in steel weld metal by methods suitable for industrial labs. 
Stevenson and Speight. J. Iron Steel Inst., 1943, 148, 290P. 
Vacuum heating (United Steel Company’s methods). 


Tak-Ho-Sun. et. al. Arch. Hisenhiittenw, 1944, 17, 207. 
Hot extraction from specimens melted with tin in a quartz tube at 1,100°-1,200° C. 
is more reliable than either ageing at room temp., hot extraction at 490°-1,100° C. 
or hot extraction at temp. in excess of melting point. 


Iron 


For determination of the element in ores, silicates, 
and sponge iron, modified volumetric, electrolytic and 
photometric methods have been devised. A feature is 
the use of the indicator orthophenanthroline as a 
colorimetric reagent. It is evident that the Jones’ 
reductor still has its advocates. 


VOLUMETRIC. 


Grimaldi et al. Ind. Eng. Chem. Anal. ed., 1943, 15, 387. 
In presence of Cr and Ti, using Jones’ reductor. 

Nicholson. Bull. Amer. Ceramic Soc., 1941, 20, 331. 
Rapid method for silicates; fusion in Na,CO, + Na,BO,, extract passed Jones 
reductor, and Fe" titrated Ce (SO,), using o-phenanthroline indicator. 


ELECTROLYTIC. 


Armistead. Ind. Eng. Chem. Anal. ed., 1942, 14, 207. 
In ores by Moore's method ; from FePO,—Am,00, soln. 


Morris. U.S. Bur. Mines, 1945. Report No. 3824. 
With O, in sponge iron ; investigation of methods. 


PHOTOMETRIC. 

Mehlig and Hulett. Ind. Eng. Chem. Anal. ed., 1942, 14, 869. 
Spectrophotometric ; in ores; reduc. with hydroxylamine and coloration with 
+-phenanthroline. 

Mehlig and Shepherd. Chemist—Analyst, 1946, 35, 8. 
Reduc. with - hydroxylamine hydrochloride and t of coloration 

produced thioglycollic acid. 
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Lead 


As the use of lead additions as a means of imparting 
free-machining properties continues to gain ground, the 
importance of sound and rapid analytical procedure 
becomes greater. The element tends to segregate more 
than other constituents, and sampling must be thorough 
if representative results are to be obtained. 


GRAVIMETRIC. 


Standard Methods of Analysis Sub-Committee. J. Iron Steel 
Inst., 1942, 145, 279P. 
I 1; Sepn. as PbSO,, the sulphid . bei dered isf x 
iwi 
COLORIMETRIC. 
Bricker and Proctor. Ind. Eng. Chem. Anal. ed., 1945, 17, 511. 
Rapid method for corrosion-resistant steels. 
POLAROGRAPHIC. 


Haim and Barnes. Ind. Eng. Chem. Anal. ed., 1942, 14, 867. 
Applicable to free-cutting contents (e.g., 0-20-0-25%) accuracy 0-01%. 


Manganese 


This constituent has been dealt with by investigators 
mainly in conjunction with other elements, and such 
references appear in Part I. 


PHOTOMETRIC. 
Jacoby. Foundry, 1944, 72, 111, 178. 
Rapid method employing Sheard-Sanford Photelometer. 
PEerRcHLORIC Acip PROCEDURES. 


Tomb. Jron Age, 1946, 157, 64. 
Modn. of Smith’s method ; in high chromium steels. 


Molybdenum 


Investigations have been applied to a fairly repre- 
sentative set of techniques. A modification of the lead 
molybdate process, by now all but eclipsed by the more 
rapid and more selective benzoin-oxime method of 
Knowles, consists in overcoming vanadium interference 
by precipitation from a formic acid solution as an 
alternative to separation as basic manganese vanadate. 
Colorimetric procedures are still dominated by the 
thiocyanate reaction; some investigators experienced 
difficulty in obtaining a really stable coloration. Ore 
analysis has been modified. 


GRAVIMETRIC. 
Weighed as Lead Molybdate. 


Gregory et al. Analyst, 1941, 66, 444. 
Pptn. from formic acid solution to ensure reduction of vanadates and ch 
and so prevent their pptn. as basic salts. 


CoLoORIMETRIC. 


Fogel’son and Kazachkova. Zavod Lab., 1940, No. 7, 783. 
KCNS-Sn01, reaction following NaOH-sepn. of iron as FePO,. 
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PHOTOMETRIC, 
Kapron and Hehman. Ind. Eng. Chem. Anal. ed., 1945, 17, 573. 


jocyanate complex stabilised by water-soluble low-volatility solvents. 


Poole. Jron Age, 1941, 148, 62, 164. 
A modn. of James’ thiocyanate-butyl acetate method serving for contents up to 
6%. 


Vance. Proc. Amer. Soc. Test. Mat., 1944, 44, 773. 
Tn alloy steels, 
ELECTROGRAPHIC, 
Calemari et al. Ind. Eng. Chem. Anal. ed., 1943, 15, 71. 
Ultra-rapid detection. 
SPECTROGRAPHIC, 


Carlsson. Jernkonterets Ann., 1943, 127, 572. 


Tn ores. 
MISCELLANEOUS. 
Grimaldi and Wells. Ind. Eng. Chem. Anal. ed., 1943, 15, 315. 


Determ. in W and Mo cres of low Mo content. 


Hammond. Jron Age, 1945, 155, 75, 138. 


Rapid red cinchonine thiocyanate spot test. 


Jernkonterets Ann., 1941, 125, 697. 


Low contents in ores. 


Vance. Steel, 1942, 111, 56. 
Rapid method for alloy steels, 


Nickel 


A variety of new modifications has been presented. 
Evans has overcome cobalt interference in the dimethyl- 
glyoxime precipitation by first converting the element 
into cobalticyanide. An investigator of the cyanometric 
method first removes copper by  electrodeposition. 
Colorimetric work is in prominence and still centres 
around halogen dimethylglyoxime procedure. Spectro- 
graphic determination in stainless steels is an interesting 
development. In two papers, useful semi-quantitative 
spot tests are proposed. 


GRAVIMETRIC. 
Evans. Analyst, 1943, 68, 67. 


Dimethylglyoxime pptn. after conversion of Co into cobalticyanide. 


POTENTIOMETRIC. 
Weirich. Jron Steel Inst., 1943. Translation No. 127. Original 
in Arch. Eisenhiittenw, 1940, 14, 55. 
With Cu. 
CYANOMETRIC TITRATION. 
Silverman et al. Ind. Eng. Chem. Anal. ed., 1942, 14, 236. 
After clectrodeposition of Ou from H,SO,—H,PO, soln. 
COLORIMETRIC. 
Hummon,. Steel, 1944, 114, 97. 
Mauzy and Yellin. Metal Progress, 1944, 45, 689. 
Dimethylglyoxime reaction in alkaline medium. 
PHOTOMETRIC. 
Jacoby. Foundry, 1944, 72, 111, 178. 


tap.d method employing Sheard-Sanford “* Photel meter.” 
Sobers. Amer. Fdyman, 1945, 8, 45. 
Modn. of Murray and Ashley’s method based on Ir,-dimethylglyoxime methol. 
POLAROGRAPHIC. 
West and Dean. Ind. Eng. Chem. Anal. ed., 1945, 17, 686. 
In steel and Ni ores, using NaF as supporting electrolyte. 
SPECTROGRAPHIC, 


Coulliette. Ind. Eng. Chem, Anal. ed., 1943, 18, 732. 
Tn stainless steels. 


MISCELLANEOUS. 


Vance and Gonser. Jron Age, 1942, 156, 54. 
Spot test ; single drop HNO,—H,PO, absorbed after 10 secs. and treated with a 
drop of dimethylglyoxime, resulting shade indicating the content. 


Williams. Ind. Eng. Chem. Anal. ed., 1942, 14, 72. 
Detection ; single drop of acid mixture designed to preclude colour interference- 


Niobium 
The only two papers issued during the past five years 
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concern themselves with ferro-niobium analysis and with 
determination in tungsten steels. 


Gul'dini et al. Zavod Lah., 1940, Nos. 5 and 6, 501. 


Analysis of ferro-niobium. 


Harpham, Metallurgia, 1946, 33, 245. 


With Ta in W-bearing heat-resisting steels; review and procedure. 


Nitrogen 


Work has been characterised by a breadth of 
approach, and by a certain tendency to Nesslerise 
without prior distillation. Phragmen and Tréje, as well 
as Swinden, have presented comprehensive critical 
reviews. 

Beeghly. Ind. Eng. Chem. Anal. ed., 1942, 14, 137. 

Micro-Kjeldahl unit; photoelectric measurement of Nessler coloration. 

Gotta and Seehof. Iron Steel Inst., 1943. Translation No. 162. 
Original in Zeit. anal. Chem., 1942, 124, 216. 


Rapid non-distillation Nessler method, using aliquot portion of KHSO, fusion- 
extract after treatment with excess of NaOH. 


Mareau and Chaudron. Comptes Rendes, 1943, 217, 397. 


In nitrided cast iron by ionic bombardment, 


Newell. J. Iron Steel Inst., 1945. 
In ferro-alloys, ete. Direct Nesslerisation without distillation, by means of 
stabilising colloids. 

Phrag’men and Tr<éje. Iron Steel Inst., 1942. Translation No. 61. 
Original in Jernkonterets Ann., 1940, 124, 511. 
Largely a critical comparison of methods; 82 refs. Vacuum fusion, insoluble 
and NaOH —distillation. Latter is the simplest procedure and 
is reliable. 


Powell. Welding, 1945, 13, 249. 
In welds, ete., with special reference to Kempf and Abresch app. for H,S0, 
distillation. 


Steele. Jron and Steel, 1944, 17, 699. 


Colorimetrically in mild steel, with description of app. 


Swinden. J. Iron Steel Inst., 1943, 148, 302P, 303P, 306P. 
Review of current methods; sources of error in vacuum fusion process ; recom- 
mended chemical distillation procedure. 


Oxygen 


A development of much consequence is the devising 
of rapid procedure for liquid steel. Otherwise, the 
various methods are still far from being suitable for 
routine application in the average laboratory, a criterion 
which appears not to be in any sense a major objective. 
In a field where it is essential constantly to take stock 
of the progress made, a certain amount of reiteration is 
excusable in the papers presented. 


Colbeck and Craven. J. Iron Steel Inst., 1943, 148, 243P. 
Effect. of temperature on oxide recovery in chlorine method. 

Derge. Amer. Inst. Min. Eng. Tech. Pub. No, 1544; Metals 
Technology, 1943, 10. 


Ten-min. vacuum fusion determ. in molten iron and steel ; 
purposes. 


Derge and Omori. Blast Furnace Steel Plant, 1943, 31, 888, 913. 
Si up to at least 2-5% is without effect on vacuum fusion method for 


Geller and Tak-Ho-Sun. Arch. Lisenh ttenw, 1944, 17, 159. 
With H, in liquid steel; description of vacuum app. for drawing steel into 
quartz glass pipette and collecting gases without access of atmosphere. 


Gray and Sanders. J. Iron Steel Inst., 1943, 148, 242P. 


Al reduc. method for W-bearing and 4% Si transformer steels. 


Rooney. J. Iron Steel Inst., 1943, 148, 252P, 273P. 
Alcoholic iodine method ; critical summary ; effect of water content of methanol. 
Analysis of residues. 


Rooney. Welding, 1946, 14, 178, 226, 236. 

In steel weld metal by method suitable for industrial labs. 
Sloman. J. Iron Steel Inst., 1943, 148, 235P. 

Appl. of vacuum fusion method to alloy steels and ferro-alloys. 
Speight. J. Iron Steel Inst., 1943, 148, 252P, 257P. 


Comp. of residues extracted by alcoholic iodine method from high carbon and 
phosphorus st els. 


Swinden et al. J. Iron Steel Inst., 1943, 148, 239P. 
In weld metal deposits by fractional vacuum fusion. 


Thanheiser and Paulus. Mitt K.W. Inst. Eisenfor., 1940, 22, 
217. 


for melting control 


In ferro-tungsten by hot extraction method ; effect of iron vapourisation. 
Westwood. J. Iron Steel Inst., 1943, 148, 278P. 


In pig and cast iron by aqueous iodine method. 
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Phosphorus 


Most of the newly developed procedure is colori- 
metric, with a preference for determination as phospho- 
vanadomolybdic acid, though in one case the content 
is reached indirectly by conversion of the molybdenum 
contained in the yellow precipitate into the well-kncwn 
thiocyanate. In work carried out by the Iron and Steel 
Institute preparatory to the devising of a standard 
method suitable for referee purposes, it was found that 
normal arsenic contents have much less influence than 
is sometimes supposed. Nevertheless, in order that the 
standard method put forward shall be suitable even 
where the content is high, the procedure provides for 
prior elimination of the element; reduction with Zn 
was discarded in favour of bromination. 


GRAVIMETRIC. 


Standard methods of Analysis Sub-Committee. 
Inst., 1942, 145, 279P. 
In steels, As eliminated as tribromide ; 
accuracy + 9-0015%, 


J. Iron Steel 


yellow ppt. converted into PbMoO,; 


VOLUMETRIC. 
Etheridge and Higgs. Analyst, 1946, 71, 316. 
Tn presence of As. am! of Ti up to 3%. 
Sub-Committee of Blast Furnace Committee. J. Jron Steel Inst., 
1944, 149, 301P. 
In pig iron ; effects of As and Ti; standardised proced ure. 


West. Analyst, 1945, 70, 82. 
Ti interference inhibited by means of HF and Na,BO,. 


COLORIMETRIC. 
Mellon. Proc. Amer. Soc. Test. Mat., 1944, 44, 772. 


As phosphovanadomolybdic acid. 

Rydberg. Jernkonterets Ann., 1945, No. 1, 32. 
Acidified soln. of yellow ppt. treated with KCNS and Sn ,, the intensity of the 
red coloration being a function of the Mo content and accordingly of the P con- 
tent. 


PHOTOMETRIC. 
Center and Willard. Ind. Eng. Chem. Anal. ed., 
In ores. 
Harrison and Fisher. J. Soc. Chem. Ind., 1943, 62, 219. 
Elim, of As and measurement of phosph lybdie acid using Spekker 
abserptiometer equipped with Hg-v: apour lamp. 
Herzog. Chemist Analyst, 1944, 33, 4. 
Tn steel and cast iron by modn. of Hague and Bright’ 's phosphomolybdate method. 


1942, 14, 287. 


MISCELLANEOUS. 


Hawes. Amer. Inst. Min. Met. Eng. Tech. Pub. No. 1794; 


Metal Technology, 1945, 9, 
In iron ore with Si; heated with 10 pts. Na,OO, and 2 pts. ZnO—acidified extract 
evap. HC1O,—P determ. in filtrate by Handy’s method, 


Selenium 


In view of a widening adoption of this element as a 
means of imparting greatly improved machinability to 
low alloy and certain stainless types, Evans has worked 
out a sound hypophosphite procedure. In order to 
decompose carbides, which would precipitate part of the 
selenium and cause its retention in the siliceous residue, 
he treats the initial acid solution with a large amount of 
permanganate. On subsequent treatment with hypo- 
phosphite a complete yield is obtained, and, after 
purification, the element is dealt with iodometrically. 


Analyst, 1946, 71, 68. 
Silicon 


Evans. 


The use of coagulants has been further considered ; 


other departures from conventional procedure consist in 
the titration of the element as pot. fluosilicate and in 
precipitation as pyridine-silicomolybdate. Photometric 
methods applicable to alloy steels have been developed. 
Standard methods have been constructed for the 
analysis of high silicon irons. 
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COAGULATION, 


Wiess. Arch. Eisenhiittenw, 1941, 15, 13. 
Separation by means of gelatine, glue or isinglass as an alternative to dehydration 


PHOTOMETRIC. 
Gentry and Sherrington. J. Soc. Chem. Ind., 1946, 65, 90 
In steels, including W steels ; silicomolybdate. 
Rozental and Campbell. Ind. Eng. Chem. Anal. ed., 1945, 17, 
222, 
Rapid method for low alloy and stainless steels using water as reference sample. 


Weihrich and Schwarz. Arch. Hisenh‘ttenw., 1941, 14, 501. 
Rapid determ. of amounts up to 4% in carbon steels and alloy steels not rich in 
Cr, W, Mo. 

Weihrich and Schwarz. Tron Steel Inst., 1942. Translation 


No. 87. Original in Arch. Eisenhttenw, 1941, 14, 501. 
MISCELLANEOUS. 
Kordon. Arch. Hisenh “ttenw, 1945, 18, 139. 


Pptn. as pot. fluosilicate in presence of KO , and titration with caustic alkal!. 
Kordon. Iron Steel Inst. Translation No. 255. Original in 
Arch, Eisenh ttenw, 1945, 18, 139. 


Mika. Arch. Eisenhttenw, 1944, 18, 7. 
Rapid routine method using 0- g sample; pptn. as pyridine-silicomolybdate. 


Sub-Committee. (Ministry of Supply). J. Soc. Chem. Ind., 


1944, 63, 63. 
Standard methods for high silicon cast irons. 


Waldbauce and Rue. Ind. Eng. Chem. Anal. ed., 1943, 15, 131. 
In ferro-silicon contg. 25-75% ; fusion in Na,O, +- Na,OO, -+}- NaClO,; extract 
treated HCl and HOIW,. 


Sulphur 


As would be expected, most investigators have 
applied themselves to the combustion method, with 
special reference to determination in cast iron. Though 
not stoichiometric, the process is both trustworthy and 
extremely rapid, and has rendered other routine methods 
obsolescent. While favoured by the Blast Furnace 
Committee of the Iron and Steel Industrial Research 
Council, it has not received the approval for referee 
purposes, of the Standard Methods of Analysis Sub- 
Committee, who have favoured an aqua-regia method, 
probably unsuitable for high phosphorus steels contain- 
ing titanium. 


GRAVIMETRIC. 


Standard Methods of Anal. Sub-Committee, J. Iron Steel Inst., 
1942, 145, 279P. 


Referee method for steel ; refinement of aqua-regia process. 


CoMBUSTION METHOD. 
Hedberg and Schwarz. Amer. Fdyman., 


Tn white cast irons; 12-min. method. 


1946, 9, 63. 


Roskrow. Fdy. Trade J., 1944, 73, 198. 
In cast iron. 
Rydberg. Jernkonterets Ann., 1945, No. 1, 32. 


Bridge measurement of change in electrical conductivity on passage of SO, 
into water ; accuracy + 0-0005; 

Sub-Committee of Blast Furnace Committee. J. Zron Steel Inst., 
1944, 149, 301P. 


Standard procedure for sampling and analysis. 


Wilson and Bennett. Foundry, 1945, 73, 81, 218. 
In east iron; absorption in neutral KI—K10, soln. and titration with Na,S,0,. 


2-3 mins. 


POTENTIOMETRIC, 

Thanheiser and Dickens. Jron Steel Inst., 1945. Translation 
No. 236. Original in Mitt. K.W. Inst. Hisenfor., 1933, 15, 
255. 

Tn iron, steel, ferro-alloys, slags and ores. 


MICROCHEMICAL, 
m. Analyst, 1945, 70, 423. 
ferro-alloys on 10-50 mg. 


Ingram. Metallurgia, 1945, 32, 137. 
On 10-mg. sample by micro-combustion. 


MISCELLANEOUS, 
Steel, 1944, 115, 93. 


Determinator for steel, iron, coal, coke, etc. 
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Ingre 


Tantalum 
During the period under review, two photometric 
methods have been put forward ; each is accompanied 
by conjoint procedure for niobium. 


PHOTOMETRIC. 


Harpham. Metallurgia, 1946, 33, 245. 
Onnjointiy with Nb in W-bearing heat- -resisting steels; review and procedure. 


Thanheiser. Arch. Hisenhiittenw, 1941, 14, 371; Mitt. K.W. 
Inst. Bisenfor, 1940, 22, 255. 
Conjointly with Nb in steel, ferro-alloys, and slags. 


Tin 


In view of the havoc that even small contents of tin 
can play with the hot working of alloy steels, chemical 
determination of the element would be resorted to more 
frequently were available methods more rapid. Three 
new procedures have been devised. 


GRAVIMETRIC. 
Wheeler. Analyst, 1943, 68, 246. 
In Cr-free steels ; ignition of SnS, to SnO,. 
VOLUMETRIC. 


Robertshaw and Bromfield. Analyst, 1944, 69, 240. 
Amounts up to 0-5% ; W and V interfere. 


Saxer and Minto. Steel, 1941, 108, 66, 91. 
In cast iron and plain steel by reduction to SnC ,, using Fe-Sb alloy and K.O,. 
titration. 


Titanium 


Researches have been confined to the improvement of 
methods applicable to high chromium steels. 


COLORIMETRIC. 
Milner et al. Ind. Eng. Chem. Anal. ed., 1945, 17, 142. 
Traces in corrosion-resistant steels; Mo and V interference inhibited. 
PHOTOMETRIC. 


Proc. Amer. Soc. Test. Mat., 1944, 44, 771. 
In Or steels, using Klett-Summerson colorimeter with filter No. 42; direct 
H,O, method in presence of V by means of selective wave-band. 


Silverman. Ind. Eng. Chem. Anal. ed., 1942, 14, 791. 
In Cr steels; Or septd. as CrO, after treatment with HCIO,. 


Tungsten 


Very little additional information has been published. 
War-time shortages of alkaloids led to a number of 
official but unpublished recommendations regarding the 
complete recovery of small amounts of the element from 
solution. 


SPECTROGRAPHIC. 


Fischer et al. Ind, Eng. Chem. Anal. ed., 1944, 16, 607. 
Mod. = Knowle’s chemical method of septg. W (0-01-0-25% ), with spectrographic 
completion. 


In OREs. 


Carlsson. Jernkonterets Ann., 1943, 127, 572. 
Conjointly with Mo; small amounts spectrograpbically ; Cu electrode used for 
ground sample. 


Grimaldi and North. Ind. Eng. Chem. Anal. ed., 1943, 15, 652. 
Rapid colorimetric procedure, based on Feigl-Krumholz test, for low grade W ores. 


Vanadium 


Two useful papers have described good procedure to 
adopt in the presence of large amounts of tungsten or 
titanium. 

PHOTOMETRIC. 
Bogatzki. Jron Steel Inst. Translation No. 172 


Arch, Risenhiittenw, 1939, 12, 539. 
In tungsten steels ; as yellow phosphovanadomolybdate. 


Cole and Kumino. Bull. Amer. Ceramic Soc., 1941, 20, 329. 


Direct determ. in presence of Ti and Fe. 


Original in 
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MISCELLANEOUS. 


Adamovitch and Zagcrrel’ko. Zavod. Lab., 1940, No. 4, 465. 
Spot test in which a soln. in 2-3 drops 4,80, + H,PO, is treated with KMnQ,. 
KNO2, urea, and tested with aniline bydrochleride paper. 


Zinc 


The application of the dithiozone reaction to rich 
chromium-nickel steels represents an interesting and 
useful departure from more cumbersome methods. 


PHOTOMETRIC. 


Bricker et al. Ind. Eng. Chem. Anal. ed., 1945, 17, 661. 
In corrosion-resistant steels by dithiozone method. 


Part I1I—Books in English on the Analysis of Iron 
and Steel and Related Materials—Published since 
1942 


Allport, N. L. Colorimetric Analysis, pp. 452. London, 1945. 
Chapman and Hall. 


American Society for Testing Materials. A.S.7'.M. Methods of 
Chemical Analysis of Metals, Philadelphia, 1943, pp. 323. 
Also 1946, pp. 402. A.S.T.M. 


B.D.H. Book of Organic Reagents for Analytical Use. 9th ed., 
pp. 196. London, 1946. British Drug Houses. 


Belcher, R. Monograph on Microchemistry and its Applications, 
pp. 52, illus., London, 1946. Royal Institute of Chemistry. 


Belcher, R. and Godbert, A. L. Semi-micro Quantitative Organic 
Analysis, pp. 168, illus. London, 1945. Longmans Green. 


Brade, W. R. Chemical Spectroscopy, pp. 621, New York, 1943. 
Wiley. 

Dobbins, J. T. Semi-micro Qualitative Analysis, pp. 140, New 
York, 1943. Wiley. 


Ephraim, F. Inorganic Chemistry, pp. 922, London. Gurney and 
Jackson. English ed. by Thorne, P. C. L. and Roberts, 
E. R. 4th ed. revised. 


Evans, B. 8. and Higgs, D. G. Spot Tests for the Identification of 
Certain Metallic Coatings and of Certain Metals in Bulk. 
Cambridge : Heffer. 

Feigl, F. Laboratory Manual of Spot Tests. pp. 216, illus. New 
York, 1943. Academic Press. 


Flagg, J. F. and Line, W. R. Semi-micro Qualitative Analysis, 
pp. 140. New York, 1943. Van Nostrand. 


Haywood, F. W. and Wood, A. R. Metallurgical Analysis by 
Means of the Spekker Photoelectric Absorptiometer, pp. 128, 
illus. London, 1944. Adam Hilger. 

Hopkin and Williams, Ltd. Organic Reagents for Metals and for 
Certain Acid Radicals, pp. 175. London, 1943. Hopkin and 
Williams. 

Hopkin and Williams, Ltd. Organic Reagents for Organic 
Analysis, pp. 172. London, 1944. Hopkin and Williams. 


Kolthoff, I. M. and Sandell, E. R. Textbook of Quantitative 
Inorganic Analysis. Revised ed. New York, 1943. Mac- 
millan. 


Sandell, E. B. Colorimetric Determination of Traces of Metals, 
pp. 500, 73 illus. New York, 1944. Interscience Publishers. 


Snell, F. D. and Biffen, F. M. Commercial Methods of Analysis, 
pp. 739. New York. McGraw Hill. 


United Steel Companies, Ltd. Standard Methods of Analysis of 
Iron, Steel and Ferro Alloys. As used by the Companies’ 
Laboratories, pp. 93. 3rd ed. Sheffield, 1945. United Steel 
Cos. (For review by bibliographer see Metallurgia, 1946, 33, 
307). 

Vogel, A. I. A Textbook of Qualitative Chemical A 
éncluding Semi-micro Qualitative Analysis, pp. 578. onan 
1945. Longmans Green. 

Vogel, A. I. A Textbook of Quantitative Inorganic Analysis, 
pp. 856. Corrected impression. London, 1943. Longmans 
Green. 
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Outstanding Properties of the Magnesium- 


Zirconium Alloys 
By Major C. J. P. Ball, D.S.O., M.C., F.R.Ae.S. 


In this article, the concluding part, the data given indicate that magnesium-zirconium alloys have 
heen developed which, in addition to having exceptionally high-proof stress, combined with 


high ultimate stress and elongation, are relatively easy to work. 


Their very high mechanical 


properties open great possibilities for these alloys in wrought and cast forms and represent 


Wrought Zirconium Alloys 


S the later tables will show, these 
alloys possess outstandingly good 
mechanical properties, and are much 
more easily worked hot from cast 
stock than any of the present range. 
Cast stock, for example, can be section 
rolled, sheet rolled and impact forged 
at 500° C. under the most severe (and 
therefore economic) conditions with 
complete freedom from cracking and 
very greatly reduced tendency to 
directionality. 
Composition of Elektron ZZ high- 
strength alloy as given in the Draft 
D.T.D. Specifications :— 


Zirconium 0-5-1-0 
Zinc om co 
Cadmium upto4-0d 


Impurities not more than 0-01% 
iron, 0-02% aluminium, 0-01% sili- 
con, 0- 15% manganese. 

As can be seen, these alloys can 
contain cadmium or not. If cadmium 
is present, a 2% addition is favoured, 
the alloy (ZBF) having a nominal 
composition of 3% Zn, 2% Cd, 0-7% 
Zr, rest magnesium. The cadmium- 
free alloy (Z3Z) is similar in composi- 
tion, except for the absence of the 
cadmium. 

The principal reason for the greatly 


improved’ workability of these alloys 


is the intense grain refinement of the 
east stock obtained by the use of 
zirconium. ZZ cast slab has a grain 
size of only 0-05-0-1 mm. as com- 
pared with the 0-2-0-4 mm. of 
AZM and the very large columnar 
grain structure of unmodified AM.503. 

Given correet conditions for extru- 
sion, a grain size smaller than 0-003 
mm. should regularly be obtained with 
ZZ alloy. It is probably correct.to 
say that in no other commercial field 
of non-ferrous metallurgy- has such-a 
small grain size yet been achieved, and 
in large measure it is this fine grain 
structure which provides the excellent 
mechanical properties obtained. In 


* Continued from page 129, Jan. issue. 


1947 


February, 


an outstanding development. 


Fig. 16, for instance, 
is a photomicrograph 
of extruded ZBF show- 
ing grain size of less 
than 0-003 mm. 

When reading the 
tables showing proper- 
ties, it should be 
remembered that all 
British Specifications 
eall for minimum 
figures, 0-1% proof 
stress, and for sheet 
stipulate that tensile 
specimens must be cut 
parallel to the rolling 


direction; American 
specifications allow the 
transverse direction 


in which strength and 
ductility are higher. 

Sheet.—The specified minimum 
properties for strong sheet materials 
of the old and new types are given in 
Table I :— 

TABLE I.—SPECIFICATION MINIMUM MBCHANICAL 
eS OF HIGH STRENGTH SHEET ALLOYS. 


D.T.D. or equivalent specifi- 
cation minimum properties. 
| | Gola 
| B% | bend 
0-1% on | radius 
P.S. |U.T.S.| 2 in. | (180°) 
(tons/sq. in.) 
ZZ (annealed), Draft : | 
D.T.D. 626 .. ll 17 8 4T 
D.T.D. 120A | 
7 1¢ | 10 | 6T 
A.S.T.M. B90-44T: 
alloy AZ61 . } 
(annealed) (e.g., | 
Dow Ja.). .. .. 16-5 9 


The above figures in the case of 
zirconium alloy are for sheet rolled 
from cast slab, and for all alloys in 
the annealed condition, which is the 
general requirement to avoid stress 
corrosion, difficult welding and work- 
ing, and low elongation peculiar to 
hard-rolied materials. The compara- 
tive figures show the improved work- 
ability of the zirconium alloy as 
compared with existing alloys. 

Extrusions.—Zirconium alloys can 
be extruded over a wide temperature 


Fig. 16.—Photomicrograph of extruded ZBF alloy 
showing grain size of less than 0.003 mm. 


range and at very high speeds—e.g., 
100 ft./min. The most difficult sec- 
tions can be extruded without sign of 
cracking at speeds around 40 ft./min. 
The best properties are achieved at 
modest speed and low temperature, 
the resultant bar or section having an 
exceedingly fine grain size—less than 
0-003 mm. 


TABLE II.—SPECIFICATION MINIMUM MECHANICAL 
PROPERTIES OF HIGH STRENGTH EXTRUSION ALLOYS 


D.T.D. or equivalent 
specification 
minima 


0-1% 
P.S. |U.T.S.|. on 
(tons/sq.in.)| 2in. 


ZZ (high tensile) Draft D.T.D. 
733 (up to and including 
3 in.. dia. or minor sectional 


D.T.D. 259A (e.g., AZM) (up 

to and including 3 in. dia. or 

minor sectional dimension) ll 17 10 


A.S.T.M. B.107-4 T Alloy No. 
AZ 80 (e.g., Dow O) (rounds 
and squares up to 1} in.) 


12-5 | 19-2 9 


%, 
(0-2) 


The specified minimum properties 
of high strength extrusion alloys are 
given in Table II, while typical 
compressive ‘and  fatigué~ properties 
are shown in Table ITI, 


git 


| 
—| 
} 


TABLE LIL. 


Typical Properties 


Com- 
pressive Fatigue 
0-1% Limit 


(50 x 10%) 
in.) 


ZZ (high tensile) 3-1 in. | 


9-5 
D.T.D. 259 (e.g., AZM) .. 10 8-5 
A.8.T.M. B107-41T Alloy 

No. AZ80 (e.g., Dow O) 9-8 8-6 


(0°2%) | (500 x 108%) 


The Izod of extruded ZZ is 5-6 ft./Ib:. 


Fig. 17.—Large zirconium-containing magnesium alloy 
ingot in the process of cogging in a steel mill. 


Rolled Bar and Section.—ZZ alloy 
has such excellent hot workability 
from cast stock that it can now be 
rolled into bar or section on the same 
mills, and with the same high speeds 
and heavy pinches, as for steel. This 
method of production should prove 
to be very cheap and has two other 
main advantages; it completely 
suppresses, or at least very greatly 
reduces, directionality of properties 
in the product, the properties are 
uniform from end to end, and very 
long lengths can be made. Rolling 
would be used instead of extrusion 
when the quantities required justify 
the provision of the necessary rolls, 

Minimum properties at present pro- 
posed for rolled bar and sections in 
zirconium containing alloys are :— 


D.T.D. specification 
minima 


0-1% 
| urs | 
(tons, 

| 2% 12 


ZZ Draft D.T.D. 622 . . 


As is well known, the difficulties 
associated with the rolling and forging 
of familiar magnesium-base alloys have 
had an adverse influence on the wider 
applications of these alloys. In view 
of the remarkable improvement in 
working properties obtained by the 
addition of zirconium to these alloys 
it was felt that suitable ingots and 
billets should be submitted to severe 


fabricating magnesium-base alloys 
have been largely overcome, 
Forgings.—Experiments have also 
shown that forgings in ZZ alloy can be 
made by hydraulic pressure or by 
impact. It is the only high-strength 
magnesium alloy known to the writer 
which can withstand forging under 
drop hammers, ete., without necessity 
of ‘“‘nursing.”” The high permissible 


working temperature of 500° C. makes 


working tests. Experiments were 
Fig. 18.—Conversion of the ingot into 
nearly 300 ft. of billet (2 in. x 2 in.), 


carried out in a steel mill and under 
operating conditions as for steel. 
As mentioned earlier, a large zir- 
conium - containing - magnesium - base 
alloy ingot was used measuring 
approximately 70 x 20 x 20 in. 
It owas pre-heated and trans- 
ported from the furnace to the live 
entry rolls of the cogging mill where it 
was reduced, as shown in Fig. 17, and 
subsequently rolled into billet or 
sheet bar. In Fig. 18 the ingot has 
been rolled down to nearly 300 ft. of 
billet and is seen emerging from the 
third stand of rolls. Fig.-19 shows the 
finished material on the cooling 
racks, 

The results show that zirconium- 
bearing magnesium alloys can be rolled 
successfully at speeds which compare 
favourably with the other metals and 
alloys which have for many years been 
associated with rolling operations. 
Thus, it can be said that difficulties of 


emerging from the third stand of rolls. 


Fig. 19.—The finished billet and sheet bar 
on the cooling racks. 


possible very heavy deformation in a 
single heat. The minimum properties 
of high-strength forging alloys are 
given in Table IV, from which it will 
be seen that the ZZ alloy is outstand- 
ing. 


TABLE IV.—SPECIFICATION MINIMUM MECHANICAL 
PROPERTIES OF HIGH STRENGTH FORGING ALLOYS 


D.T.D. or equivalent speci- 
fication minima 


E% 
| U.T.S. | on 2 in. 
(tons in.) 
1. ZZ (hydraulic press) 
Draft D.T.D. 619 13 | 19 | 
2. ZZ (impact) Draft 
. D.T.D. 88C (eg 
AZM) (hydra: 
re 10 18 8 
4. AS.T.M. B91-44T 
Alloy AZ61 
Dow J) (hydraulic 9-8 17 6 
press)... (+2%) 
5. AS.T.M. B91-44T 
Alloy AZ80 (e¢., | 
(hydraulic} 10:7 | 
press (0-2%) 
65) 8-9 | 6 
(impact)... (0-2%) 
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Use of Zirconium Alloys for 
Cast Purposes 


Sand Castings.—The high-strength 
alloy considered most suitable for 
cast purposes has a composition of 
zine 4-5%, zirconium 0-6-0-7%, 
magnesium balance and is named 
Elektron Z5Z. After solidification and 
cooling at the normal rates experienced 
in commercial production the alloy 
does not reach a condition of equili- 
brium and the mechanical properties 
may be improved by a low tempera- 
ture heat-treatment. As would be 
expected from an alloy of this type, the 
“as cast” properties vary according 
to the rate of cooling imposed on the 
casting. Thus, for the D.T.D. type 
test bar, the following average proper- 
ties may be obtained from sand-cast 
bars allowed to cool in the mould. 
MECHANICAL eaten OF SAND CAST ELEKTRON 


Sand castings o- 1% P.&. .. 8-0- 8 
” on Zin. 10-C-3-0 


After heat-treatment for 24 hours 


at 180°C. the following average 
properties may be expected. 

(tons/sq. in.) 
0-1% P.S. 9+5-10-0 
16-0-18-0 
E% on 2 ine 9-C- 7-0 


It will be noted that the drop in 
percentage elongation after heat- 
treatment is negligible and the gain in 
proof and ultimate strengths obtained 
easily justifies such a simple heat- 
treatment. Apart from the above 
tensile figures, the other mechanical 
properties to be expected from Z5Z 
are as ‘follows :— 


MODULUS OF ELASTICITY 6-5 x 10° lbs/sq.in. Fatigue 
(endurance value for 50 x 10® reversals). 


Not ched Unnotched 
tons/sq. .n. tons/sq. in. 
As cast .. 4°5 5-0 
After heat-treatment for 
24 hours at 180°C. .. 5-0 6-25 
Impact: Izod type test A 9 
t./Ib.) 
As cast .. 2-6 
After heat-treaiment for 
24 hours at 180°C. . 1-7 7°32 


A further casting alloy, Elektron 
MCZ, containing 3% rare earths, 
0-7% zirconium, balance magnesium, 
has been developed for high tempera- 
ture applications. The average tensile 
properties of this alloy on D.T.D. 
test bars cast under controlled condi- 
tions, are as follows :— 


(tons /sq. in.) 
11-0-11-5 
E% on 2 in. 5-0- 7+5 


The chief virtue of this alloy lies 
in its resistance to creep at tempera- 
tures up to 200° C. Fig. 15 compares 
the amount of creep under a load of 
3 tons /sq. in. at 200° C. of Elektron 
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A8, Elektron MCZ ro 
and the _ well- 
known aluminium ; 


base alloy RR50. 

MCZ has a fur- ! 
ther advantage in 
that it shows prac- 


x. 


Sreess - 6,700 rst 
TEMPERATURE - 200%. 392°F 


tically no micro- 
porosity and may 
therefore be em- 


ployed for castings 


requi ing pressure i 
tightness where o* 
| 


high strength is 
not a primary , 
consideration. 

In casting this $ 


alloy it is found ° 
that poorly fed sec- 
tions show surface 
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sinks rather than 


Co.-2 


bose | 


microporosity. The 


P RATE AFTER 


3500 


use of special fluxes 
is advisable to 


CREEP STRAIN AFTER 120 
PER CENT. 


minimise loss of 
rare earth content. 

Die Castings.—- 
Eiektron Z5Z may 
also be used for gravity die casting, 
and chill-cast test bars will be found 
to have the following really remarkable 
tensile properties :-— 

Mechanical properties of die-cast 
Z5Z bars quenched in water after 
removal from mould. 


in. 

on 2 in 14-0-18-0 


After heat-treatment for 24 hours 
at 180°C. 


(tons/sq. in.) 
0-1% P.S. 10-0-11-0 
U.T.S. ee 17-0-18-0 
E% on 2 in. 10-0-15-0 


By more prolonged heat-treatment 
at lower temperatures, it has been 
found possible to achieve properties 
as high as :— 

(tons/sq. in.) 
0-1% PS. ; 12-0 
U.T. 18-5 
on 2 in. 10-0-12-0 

It is of special interest to record 
that this alloy has been found to be 
susceptible to room temperature 
ageing; the optimum properties, 
however, are not achieved at room 
temperature. 

The other properties in the die- 
cast state are as follows :— 

Fatigue Notched Unnotched 
(Endurance for 50x10 


24 hours at 180° O. 5-5 5-5 
ft./Ib. it. /Ib. 
(Izod type test piece) 3-540 20-0-30-0 


Should a casting be required with 
higher elongation than that given by 


Fig. 15.—Comparative creep of Elektron MCZ, Elek- 
tron A8 and R.R. 50 a Pe of 3 tons/sq. in. at 
200° C. 


Z5Z, the zine content of the alloy 
may be reduced. The alloy containing 
3% zine (Z3Z) will have the following 
properties as cast :— 


(tons/sq. in.) 

0-1% PS ‘ 7-0 
TS. 15+0-15-5 
E% on 2 in. 25-0-35-0 


In gravity die castings these alloys 
have been found to present no 
difficulty. No work has yet been 
carried out on their use for pressure die 
casting, but this figures on the immedi- 
ate research programme. 


TABLE V.—MECHANICAL TESTS ON TEST PIECES CUT 
FROM CASTING GRi4 

(Test bars 0-226 in. to 0-357 in. dia., gauge length 
0-8 in. or 1-25 in.) 

Material: Elektron Z Z (Analysis 4- port 2 0-83% Zr) 

Condition : Heat-treated 16 hours 200’ 


Elonga- 
0-1% PS. U.T.S. tion % 
Mark | (tons/sq. in.) | (tons/sq.in.)| (4+/ area) 
A 9-0 17-7 12-5 
B 8-4 14-9 6+25% 
9-2 7-0 
D 9-9 18-9 13-0 
E 9-7 18-4 10-0 
F 9-3 17-5 75 
G 9-5 18-1 8-75 
H 9-9 18-0 
J 8-7 15-3 5-0 
K 9-3 18-6 10-0 
L 9-3 18-4 12-5 
M 9-7 18-5 12-5 
x | 10-3 17-0 7-2 
16-5 5-0 
® Fractured inclusion. 
+ Fractured gauge 


Tables V, VI, VII and VIII give 
properties of test pieces cut from test 
casting GR. 14 made in Z5Z and A,8 
and of test bars poured in Z5Z from 
the same melts. The shape of this 
test casting, shown in Fig. 20, shuald be 
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0-8 
Toss | — | 


particularly noted, as this was designed 
by a committee of foundrymen at the 
request of M.A.P, to cover a wide range 
of sections, and so provide a severe 
comparative test of properties. 

It can be seen from these figures that 


MECHANICAL TESTS ON TEST PIECES CUT 
PROM CASTING GRI4 
(Test bars 0-205 in. to 0-359 in. gauge length 0-8 in. or 
1-25 in.) 
( Senden Solution treated , 


TABLE VI. 


Material: Elektron A8. 


| 
| Blonga- 
0-1% P.S. U.T.S. tion % 
(tous/sq. in.) | | (tons sq. in.) | @ area) 
4-5 16-0 13°75 
t1 16°3 10-00 
48 
4-2 9-4 4-00 
4-0 8-9 3-00T 
D 5-4 13-7 7°50 
5-3 14-8 7-00 
5-4 13-9 6-50 
15 ‘16-3 10-00 
3-8 13-2 7-50* 
4-0 14-3 7-50 
G “0 16-0 12-50 
4-2 15-5 10-00 
3-7 16-0 15-00 
J 4-2 12-50 
57 14-1 7-50 
3-9 14°3 6-25 
L 37 | 
3-7 9-7 4-00T 
4-3 16°8 12-50 
M 5-0 10:7 5-00t 
4-0 10°5 4-00F 
16-1 12-50 


Prac tured through 
+ Fractured outside gauge length. 
t Microshrinkage. 


TABLE VIi.—COMPARISON OF MECHANICAL TESTS ON 
Test Preces Cur FROM CASTING GR IN EACH 
ALLOY (Test bars 0-205in. to 0-359 in., gauge length 
0-8 in. or 1-25 in.) 
Materials Elektron Z5Z and Elektron A8. 
Condition : Heat-treated 16 hours 200° C. and solution- 
treate |, respectively. 


252 AS 


Elon. lo. 1% | | Blon. 
| |U.7.3,| % PS. 


tous/ tons/ | 47) | tons/ | tons/ | (4 v 

Mark sq. in. | in. | area) | in. | in. | area) 
A 9-0 | 17-7 | 195 | 4-8 | 10-8 | 12-50 
4-5 | 16-0 | 13-75 
| 4:1 | 16-3 | 10-00 

4-4 | 16-3 |12-0 -08§ 

‘ | 7-0) 48 | 9-5 | 
4-2) 9-4 | 4-003 

| 4:0] 8-9 | 3-00f 
| 4:3] 9-3 | 4-178 

D .. | 9-0 | 18-9 | 12-0 | 5-4 | 13-7 | 7-50 
14-8 | 7-00 

| | 18-9 | 6-50 

| | 

| | 13-1 | 7-00§ 

L .. | | 18-4 | 12-5 | 3-7 | 10-8 
3-7 | 9 -7 | 4-00f 

4-3 | 16-8 ‘12. 50 

3-9 | 12-4 | 9-675 

M | | 10-7 | 
| 4-0. | 10-5 | 4-004 

| 4-3 | 16*1°|12-50 

4-4 | 12-4 | 7-175 


t Fractured outside ga length. 
Microshrin! 
§ Mean of three values, 
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Fig. 20.—Test casting GR 14. 


Z5Z alloy castings have a _ tensile 
strength remarkably close to that of 
the separately cast test bar, and with 
considerably less scatter than is usual 
with existing magnesium alloys. 
Although the alloys used in U.S.A. 
do not correspond exactly in com- 
position with those used in England, 
any conclusion drawn for A8 will hold 
for the American alloys of approxi- 
mately similar composition. 
TABLE VILI.—MECHANICAL TESTS ON STD D.T.D. 
TEST BARS IN ELEKTRON Z5Z 


0-19 | 
PS. | U.TA. Flon. 
tons/ tons/ % on 


Mark Condition | sq.in. | sq. in. 2 in. 


jas cast 6-5 14-5 9-9 
4 las cast 6-0 15-6 | 13-0 
1) 9-0 17-6 | 7-5 
2' jheat-treated 16, 9-0 17-2 | 7-0 
3 hours 206° 8-8 18-1 9-5 
6) 9-6 18-3 8-0 
Conciusion 


An attempt has been made to 
compress into a short space the 
interesting developments of years of 
intensive study on alloying magnesium 
with zirconium. The results of this 
pioneer work prove that the alloys of 
zirconium can be regarded as a major 
development in the magnesium field 
which will play an important part in 
forwarding the usage of the metal, and 
assist materially the progress of the 
magnesium industry. As with all new 
developments, the work done so far is 
but the commencement. While we 
can justly claim to be the pioneers in 
this work, there can be no doubt that 
if the problem is studied in the U.S.A, 


with the same initiative and energy 
that Americans have devoted to other 
problems, further substantial progress 
will be recorded. 

Naturally in covering such a wide 
field at no inconsiderable expense, a 
large amount of patentable matter 
has emerged and many patents have 
been taken out. 

My grateful thanks are due to those 
members of M.E.L.’s staff who have 
assisted in the formulation of this 
paper and the preparation of the 
illustrations. 


Properties of Sintered 
Iron-Copper Powders 


Effects of variation in sintering 
temperature, sintering time and copper 
content, on the physical properties of 
sintered iron-copper powders are dis- 
cussed by Kelley* who also reports 
results obtained from various heat- 
treatments conducted on _ sintered 
specimens, as well as a comparison 
between properties of as-received and 
annealed powders. 

The conclusion is reached that the 
strength and ductility of 5% Cu-Fe 
mixtures when pressed and sintered 
for } hr. at temperatures of 1,150° C.- 
1,350° C. increase with the temperature 
of sintering. Thestrength and ductility 
of 10% Cu-Fe mixtures when pressed 
and sintered at 1,150° C. for various 
lengths of time increase with the time 
of sintering. Tests on mixtures of 5 to 
30% Cu-Fe seem to indicate there is 
not much to be gained in strength by 
using greater amounts of copper. 

The tensile strength of 10% Cu-Fe 
mixtures sintered for 10 min. at 
1,200° C. is greater than can be attained 
by sintering pure iron at any. tem- 
perature for any length of time. 
Mixtures of 10% Cu in iron sintered 
for 3 hrs. at 1,150° C.—1,350° C. show 
about the same strength, but the 
ductility increases with the tempera- 
ture of sintering. If the temperature 
of sintering is maintained at 1,150° C. 
for }hr., the strength and ductility 
increases with the copper content up 
to 30%. 

Under these fixed conditions (1,150° 
C. for } hr.) of sintering, unannealed 
electrolytic iron powders give higher 
strengths than annealed powders. 
Compacts of copper-iron are heat 
treatable in small sizes, } x } x 2} in. 
In larger sizes, § x § x 7}in., they 
erack on. quenching. . . Strengths. of 
45 tons/sq. in. are attainable in small 
specimens. 

°F. CO. Kelley, Tron Age, 1946, 158, 57-60. 
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Recent Developments in Steel Making 
} By J. A. Kilby and W. G. Cameron 


The subject of steel making is of such magnitude that, in a recent paper before the 
Institution of Engineers and Shipbuilders in Scotland, the authors found it possible 
only to indicate broadly some of the more important developments in steel manufacture. 
They discussed the various processes employed and the economic as well as metallurgical 
aspects involved, and emphasised the bosic open-hearth process as a method of steei 
making for high rates of production under widely varying conditions of burden and 
metallurgical load. Their paper is given here in a substantially abridged form. 


three categories: blast refining, electric furnace 

and open-hearth processes. These can be con- 
sidered individually, but the processes can be combined 
with partial refinement in one and completion in another. 
Such duplexing offers advantages as, by co-operation of 
operations in a plant suitably equipped with the neces- 
sary handling and transfer machinery, correct flow of 
ingots of the desired grade can be assured to meet rolling 
mill requirements ; for instance, in a combined Bessemer 
and open-hearth plant, the flow of open-hearth quality 
ingots can be maintained at almost the short time inter- 
val associated with straight Bessemer production, thus 
approaching the ideal rate for maximum production 
efficiency in the rolling mills. In most steel plants the 
ingot is the finished product of only one of many depart- 
ments and the duplex system may be found to be of 
economic benefit when the wider view of the entire 
plant is taken. Some works find a benefit in duplexing 
for quite different reasons. As an example, increased 
production of electric furnace qualities can be met by 
the addition of further units or by the adopticn of open- 
hearth-electric duplexing whereby the melting operation 
is carried ovt in the open-hearth furnace and transferred 
to the electric furnace for finishing. Scrap melting in 
the electric furnace is very extravagant in power, with 
heavy surges due to repeated striking of the arc, a 
condition which is remedied as soon as a melted bath is 
obtained. The open-hearth furnace is much better 
suited to cheap melting and the system outlined has 
much to commend it. 


Suite making can conveniently be separated into 


Blast Refining Processes 


Included in this group are the acid and basic Bessemer 
processes for ingot production and the side-blown con- 
verters as used in steel foundries. Bessemer plants are 
invafiably to te found associated with blast furnaces, 
from which molten iron of the required composition is 
supplied. Direct metal is seldom used, the usual prac- 
tice being to deliver the molten iron to a large capacity 
metal mixer acting as a reservoir from which supplies 
are drawn as required. The modern Bessemer shop 
comprises five, or sometimes six, converters of a capacity 
determined by the amount of steel to be produced. In 
this country 20-30 tons holding capacity per vessel 
represents the maximum for any plant, but in recent 
years Continental firms have installed units rated at 
60 tons, and recent investigations have shown that 
converters of 100 tons capacity were under construction 
in Germany. 

The converters in a shop are worked intermittently to 
a rota which leaves two units in operation at the one 
time, the others being at different stages of relining and 
drying. Of the two vessels in operation, one is usually 
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in blast while the other is finishing and undergoing the 
necessary preliminaries to a further charge. In this 
way blast is going to one or other of the converters con- 
tinuously and the period of blow determines the output 
of the shop. Usually about three casts are produced per 
hour which, if of 25 tons, means a shop output of 75 
tons per hour or, roughly 10,000 tons per week. The 
Bessemer converter is undoubtedly the fastest steel 
producer available and, if considered purely as a means 
of converting molten iron into steel, has considerably 
lower capital outlay for plant per unit of production 
than any other process. Both acid and basic processes, 
however, are completely dependent on the provision of 
molten iron of the correct composition and, since 
little scrap can be used, they show very high burden 
costs. 


Acid Bessemer Process.—This process is the oldest 
method of making steel in bulk quantities and the 
mechanism of refinement is well known. The oxidation 
or combustion of the metalloids, of which silicon is the 
most important and must exceed 2°%, in the molten iron, 
furnishes the requisite heat. It must raise the tempera- 
ture to the melting point of steel, provide the necessary 
superheat and give a substantial margin to cover the 
heat losses of the process. Difficulties in quality control 
arise from the speed with which the reactions in the 
converter take place, very slight variations in the end 
point having a serious effect on the product. The 
critical moment is when the blast tuyéres are clear of the 
bath, and this must be correct to within a few seconds. 
Judgment of the end point from the appearance of the 
flame issuing from the vessel has to be made with an 
allowance for the time taken by the turn-down mechanism 
to operate. Accurate determination of the end point 
is the one means of controlling metal oxidation and, to 
assist in this, a photo-electric instrument has been 
produced, capable of recording changes in the flame 
which are scarcely visible to the naked eye, and is used 
in some plants with beneficial results. 


Tropenas Process.—As in the acid Bessemer process, 
steel making in the Tropenas converter is dependent 
for success on the supply of molten iron low in sulphur 
and phosphorus content, these elements remaining 
unaltered, or indeed being slightly increased, during the 
blow. A fundamental difference.in the rate of carbon 
removal exists between the two processes. Carbon 
elimination takes place by the action of the air blast 
through the agency of the iron oxidle (FeO) formed from 
it and distributed through the métal. This, acting .on 
the carbon, produces carbon monoxide (CO) and the 
rate of reaction is dependent on the amount of FeO 
present and the partial pressure of the CO produced 
(p..)- In the Bessemer vessel with bottom tuyéres, the 
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CO is diluted with nitrogen from the blast giving p,, in 
accordance with the percentage present as a decimal 
part of one atmosphere. In the Tropenas converter, 
where the blast acts close to the surface of the metal, 
the diluting nitrogen escapes. FeO is formed on the 
surface, diffuses into the steel and, acting on the carbon, 
produces CO (undiluted), which has a partial pressure 
equal to the total gas pressure and probably in excess 
of one atmosphere. The mechanism is, therefore, similar 
to that taking place in an open-hearth furnace. It 
follows that with the same FeO present in the metal, 
carbon removal must be slower in the case- of the 
Tropenas converter or, conversely, the same rate of 
elimination can only be obtained with a higher FeO 
content. 

An important development in Tropenas steel making 
took place during the war years and introduced a new 
conception of the thermo-chemistry of the process. 
Difficulties arising in this country from the shortage of 
suitable haematite iron were placing a serious limitation 
on steel foundry production and led to an investigation 
of the possibilities of utilising high proportions of scrap 
without heavy consumption of ferro-silicon, which was 
also scarce. In the normal Tropenas plant, haematite 
pig iron is pre-melted in a cupola with a proportion of 
steel scrap, the silicon content of the melt being adjusted 
with ferro-silicon as required. Naturally, ferro-silicon 
requirements, assuming constant silicon percentage in 
the pig iron, vary directly with the proportion of scrap 
used. The molten iron leaving the cupola is desulphur- 
ised with soda ash and passed to the converter. Sulphur 
increase in the cupola varies with the coke consumption, 
which rises in proportion to the amount of steel scrap 
used, and high scrap charges, therefore, demand a high 
efficiency of sulphur removal in the desulphurising ladle. 

Heat liberation from the carbon reaction in the 
Tropenas converter differs from the Bessemer converter 
in that the initial CO formed internally undergoes after 
combustion to CO, by the action of the blast, which is 
applied close to the surface. It may be said that the 
heat transfer efficiency from this secondary reaction 
must be much lower than that from a reaction formed 
internally, but it is a usefv] source of heat which con- 
tributes to the attainment of the required pouring 
temperature. 

In the recent modification of the process, using a high 
proportion of scrap (up to 100%) in the cupola, the 
molten iron is not treated with ferro-silicon but the low 
silicon metal, after desulphurising, is superheated in a 
separate fuel-fired rotary furnace from 1,3C€0°-1,5€0° C. 
before transference to the converter. This metal tem- 
perature is found to be sufficiently high for the carbon 
reaction to start and no difficulty is experienced in 
obtaining the high finishing temperature essential to the 
production of thin-walled castings. 

Slag in the Tropenas process, like that of the acid 
Bessemer, is formed wholly from the products of oxida- 
tion of silicon, iron and manganese without added flux. 
The slag tends to a condition of equilibrium in composi- 
tion, this being, at the temperature prevailing at the 
end of the blow, principally silicate of iron containing 
about 60%, silica. Any deficiency of silica is made up 
by attack on the siliceous lining of the converter. To 
overcome the marked deficiency of silica resulting from 
the low silicon content of the metal charged to the con- 
verter and to avoid attack of the lining, an addition 
of sand is made with the metal from the rotary furnace. 

Basie Bessemer Process. Since its recent revival in 
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this country, basic Bessemer, or Thomas steel making, 
has been subjected to considerable study, both from 
economic and metallurgical aspects. Several important 
modifications to the process have been tried during the 
past few years, all having the object of improving the 
standard of quality of the product. Up to the present 
time, Thomas steel has been excluded from many 
grades in engineering specification lists but wartime 
experience, both here and abroad, will probably lead to 
some revision in these. 

In the normal process, molten Thomas iron (abovt 
0-5°% silicon and upwards of 2% phosphorvs) with a 
lime addition of an amount based principally on the 
silicon content of the iron, is blown in two distinct stages. 
In the first stage, or “‘ carbon blow,” silicon and carbon 
are reduced to very low percentages, the completion of 
th‘s period being indicated by the drop of the flame at the 
mouth of the converter. The blast is continued beyond 
this stage into the “ after-blow”’ period, during which 
the greater proportion of the phosphorus is removed. 
No external indication of the end of the after-blow is 
obtained and, since this is extremely critical, it represents 
a major weakness in the process. It must be left to the 
judgment of the operator who determines the exact end 
point from the appearance of quenched and fractured 
samples taken after turning down the converter and 
shutting off the blast. Sampling, with alternate short 
periods of blowing, is continued until a mean is obtained 
between under-blown (high residual phosphorus) and 
over-blown (an over-oxidised condition). 

The efficiency of phosphorus removal, as in the basic 
open-hearth process, is dependent on slag basicity, state 
of oxidation of the slag and on temperature. Low steel- 
making temperatures favour phosphorus removal and 
its elimination to specified limits is obtained with a 
degree of slag oxidation and, in consequence, degree of 
metal oxidation, which is dependent on the process 
temperature. Steel scrap additions are made to the 
converter near the end of the process to control the 
temperature and permit of adequate phosphorus removal 
without undue oxidation of the metal. 

High nitrogen (up to 0-022%) has long been con- 
sidered a characteristic of steel made in the Bessemer 
converter and, to a great extent, its presence has been 
the main factor in influencing engineers against the use of 
such steels for high duty purposes. Its effect on steel is 
similar to that of phsophorus but is generally considered 
to be five times greater. Perhaps the most detrimental 
effect of nitrogen contamination is its influence on the 
creation of embrittlement after strain-aging, which is 
probably more marked with nitrogen than with any other 
element. This phenomenon is probably responsible for the 
poor response of Bessemer steels to deep drawing work. 

Like most injurious elements in steel making, nitrogen 
can confer properties which are beneficial for certain 
purposes. Apart altogether from the external introduc- 
tion of nitrogen for surface hardening, when it is present 
in quantities many times greater than is absorbed in 
steel making, the high nitrogen steels find a useful field 
in free-machining qualities. The influence of nitrogen 
in this connection has been fully investigated and there 
is an interesting record of a recent process which has 
as its object the augmentation of the nitrogen content 
of open-hearth steel to give improved free-cutting 
properties. A method of nitrogen control in blast 
refined steels, for which much is claimed, is that adopted 
for the manufacture of H.P.N. (Hamborn low phos- 
phorus, low nitrogen) steel. The process, carried out in 
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the basic Bessemer converter, is to blow the metal as 
asual until the operator considers that the greater part 
of the carton is removed, that is, about 2-2} min. before 
the end of the “carbon blow.” At this stage the 
converter is turned down, the blast taken off and the 
remainder of the carbon and phosphorus removed by 
oxidation with iron ore, using a high lime slag. In 
principle nitrogen absorbtion in the Thomas process 
takes place during the after-blow when the oxidation 
products are non-gaseous and the blast passing through 
the charge is almost 100°%, nitrogen. The rapid absorb- 
tion of nitrogen during the after-blow is probably due 
to this cause, but, as the period of hich absorbtion also 
coincides with the period of highest temperature. this 
may also be a contributory factor. It follows that control 
of nitrogen absorbtion must be obtained either by dilut- 
ing the nitrogen of the blast or by using an oxidising 
agent other than air during this high temperatvre period. 
A further process for the improvement of Bessemer 
steel, not necessarily connected with nitrogen control, has 
recently keen reported from a Continental works. It 
consists of overblowing a Thomas charge to a very low 
phosphorus content, turning down the converter, 
removing the slag and pouring the metal into a ladle 
containing a pre-melted slag strongly reducing in com- 
position. A vigorous reaction takes place, which rapidly 
subsides and a thoroughly deoxidized steel of quite 
remarkable purity is obtained. In principle, the process 
is a modification of the Perrin system of rapid dephos- 
phorization and will probably be developed as a means of 
producing high quality steel in Thomas plants. 


Electric Furnace Steels 


The electric processes of steel making (electric arc and 
induction) are better suited to accurate control of 
conditioning than any others and give their products a 
potential cleanliness, in the microscopic sense, of a 
very hich order. In many respects they offer economic 
advantages over the more popular open-hearth processes. 
Apart from quality considerations, an electric furnace 
plant has lower capital costs than an open-hearth plant 
of equal tonnage capacity. It is also very flexible in 
respect of metallic burden, many plants being worked on 
1C6°% scrap and therefore quite independent of pig iron 
supplies. By control of oxidizing conditions in the basic 
arc furnace and even more so by induction melting, 
alloy recovery from scrap can be higher than in the open 
hearth, and alloy additions can be made to the furnace 
with a yield recovery approaching 100%. These factors 
make the electric furnace processes most attractive for 
steels at present graded as “ specials ”’ and it is for these 
qualities that they have been most generally used. 

The main obstacle to the more general adoption of the 
electric furnace processes in this country is the high 
cost of electrical power, which so far outweighs the 
lower cost of th¢ metallic burden and additions as to 
make it economically unsound for the manufacturer of 
“ straight ’ steels. Quality requirements in the “ straight 
carbon” and low alloy grades can be adequately met 
by the open-hearth process, which, is, therefore, favoured 
because of lower overall production costs. The high 
cost of electric power per ton of ingots produced cannot 
be ascribed to low working efficiency, since the electric 
furnace has a much higher thermal efficiency factor than 
the open-hearth. 

Arc Process.—Briefly, the furnaces are basic-lined 
shells, circular in horizontal section and capable of being 
tilted in one direction to enable the slag to be removed 
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and in the other for tapping the charge. Heating is 
applied by the formation of arcs between the solid scrap 
or metal bath and three vertical carhon electrodes which 
pass through the roof and are capable of being raised or 
lowered. In operation the current passes in the form of 
an are from an electrode to the surface of the metal, 
travels horizontally along the surface layers of the metal 
and arcs back to the adjacent electrodes. In this way 
three zones of high temperature are produced which are 
capable of melting the scrap and raising the entire bath 
temperature to the limit necessary for refining. Acceler- 
ated melting rates are claimed for a new type of are 
furnace which is constructed with a rotating hearth. 
Using this device, the position of the three hot zones can 
be altered at will. 

Charging methods vary according to the furnace 
capacity and also to the natvre and bulk density of the 
metallic burden. Generally, furnace capacity is inade- 
quate to allow a full charge being made before the first 
application of power, and melting must be done in at 
least two stages. Power consumption during melting 
is extremely heavy, with high power surges caused by 
repeated striking of the are and electrode shorting. 
To remedy this condition, regulators for the automatic 
adjustment of the arc length are now standard equip- 
ment on are furnaces, 

If a charge of 100°, scrap is being worked, sufficient 
carbon in the form of broken electrodes is added with 
the charge to give a carbon content in the melted bath 
of at least 0:2°% above that required at the end of the 
decarburizing stage. During melting, lime is fed in a 
sufficient quantity to form a good basic slag of high 
oxidizing power in order to give a vigorous carbon 
boil and ensure efficient removal of the phosphorus ; 
iron ore is fed to the melted bath to promote this condi- 
tion. During this preliminary or decarburizing stage of 
refining, alloying of the bath with any of the “ non- 
oxidizable ’’ elements, nickel, molybdenum, etc., can be 
carried out. This preliminary refining of the steel bath 
under an oxidizing slag has as its object firstly, the 
removal of the phosphorus to the required limit and 
secondly, the removal of the gaseous impurities (hydro- 
gen and nitrogen) which are not substantially affected 
by the subsequent deoxidation refining treatment. 
Removal of these gases is brought about by the 
physical action of the carbon boil. 

At the end of the carbon boil the oxidizing slag is 
poured from the furnace and raked off clean with wooden 
end rabbles. Complete removal of this slag is essential, 
since the deoxidizing conditions which follow this 
operation would cause the phosphorus in any slag 
remaining to revert to the metal. Adjustment of carbon 
to the specified value is usually made to the bare metal 
at this stage before the addition of the materials which 
form the deoxidizing slag. These are silica sand, burnt 
lime, fluorspar and a deoxidizer, which have to be care- 
fully prepared in the correct proportions and added in a 
thoroughly dry condition if the beneficial effect of the 
carbon boil on hydrogen reduction is not to be lost, The 
selection of the deoxidizer depends on the grade of steel 
to be made. For a steel of low silicon content it is usually 
ground coke added at intervals to the surface of the 
slag in order to destroy the metallic oxides withdrawn 
from the metal and maintain, by the formation of a 
fume, a reducing atmosphere over the bath. Occasionally 
ferro-silicon is used as the deoxidizer in cases where 
silicon pick-up in the metal is not objectionable. In 
the early stages of slag formation a colour tinge is 


apparent in the slag due to the presence of metallic 
oxides dissolved out of the metal, but this changes to a 
grey colour which is maintained by repeated additions 
of ground coke. The grey colour, indicating the presence 
of calcium carbide, is a clear indication of reducing 
conditions in the slag. During the deoxidizing stage of 
the process, additions of the readily oxidizable elements 
(chromium, aluminium, manganese, etc.), are made in 
the required proportions, these when added under true 
reduced slag conditions giving 100% recovery. 

High Frequency Induction Process.—The high fre- 
quency furnace for steel making was introduced in 1919 
as a development of the earlier induction furnace which 
used low frequency power. In principle, the low fre- 
quency furnace obtains its electro-thermic effect by the 
application of high voltage to a primary winding 
surrounding a metal bath incorporating an iron core. 
This type of furnace, while of high electrical efficiency, 
has an inherent weakness, namely, the difficulty of 
setting up the electro-magnetic effect on a cold charge. 
On cold scrap practice it is usually necessary to provide 
a solid ring of metal in the furnace to start the electrical 
action or, alternatively, to leave sufficient liquid metal 
in the furnace from the previous charge. 

The high frequency furnace differs in principle, as by 
the use of high frequency current the iron core can be 
eliminated. When this current is passed through the 
primary coil surrounding a crucible-shaped vessel con- 
taining the metal charge, eddy currents are induced in 
the metal, which lead to the generation of heat. With 
effective insulation of the crucible, high temperature is 
obtained in the metal while the coil itself remains cold. 
In addition to electro-thermic effect, the induction 
furnace produces in the metal bath a constant circulation 
which is important in assisting the elimination of non- 
metallics. The degree of movement, which is dependent 
on the size of the furnace and the characteristics of the 
power supply can range from slight to violent turbulence. 

As generally operated, the high frequency furnace is 
used for the dead melting of steel requiring a negligible 
amount of metallurgical work, being in this way related 
to the older crucible process. Alloy recovery from 
charged materials is higher than in any other method of 
steel making, the small losses which do occur arising 
from atmospheric oxidation during melting and inade- 
quate protection of the surface of the steel when melting 
is completed. The type of crucible lining used may be 
either of acid or basic -refractory material; selection 
being based on the known facts concerning the resistance 
of the different refractory materials to attack by steels 
of varying alloy content. 

In this process, very accurate control of composition 
is possible and, with careful selection of scrap, a cast of 
steel to specified alloy content can be produced with a 
minimum cost for added alloys. It is doubtful, however, 
whether full use has been made of the inherent possibili- 
ties of the process. A possible future development may 
be the widening of ite scope as a true ‘‘ steel making ” 
process whereby the agitation of the bath could te 
used to give intimacy of contact between the metal and 
prepared slags to ensure rapid refining and reduction. 


Open Hearth Steel Making 


A modern open hearth furnace has but little external 
resemblance to the original Siemens furnace of 1861. 
The principle of regenerative heat return to provide the 
requisite flame temperature and minimise exhaust losses 
is perhaps the one factor which has not altered. 
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Regenerative furnaces suffer the disadvantage that 
they are two way fired with the end ports alternatively 
acting as inlets and exhaust ports, which means that 
since they have to serve a dual purpose involving 
different flow conditions, a correct design for either 
function is impossible. In recent years several attempts 
have been made to design a successful one way fired 
furnace using the recuperative counter flow heat recovery 
system. The severe conditions of high temperature 
exhaust gases, very often carrying a high concentration 
of dust, are such that in most cases early failure has 
resulted and its more general adoption must await the 
arrival of new refractories with improved thermal 
properties and greater mechanical strength. 

The fuel gas used in the early steel making experi- 
ments was producer gas made from bituminous coal 
having a gross calorific value at the producer outlet of 
170-190 B.Th.U./cu. ft. This is still the standard fuel 
and in many respects is particularly well suited to the 
process. With effective regeneration giving a high 
preheat to gas and air the combustion temperature 
obtained is sufficient to raise the furnace temperature to 
the limit imposed by the furnace refractories. 

The general trend where by-procuci, gases are available 
in integrated iron and steel plants is to make the greatest 
possible use of these in the steel furnace. A mixture of 
coke oven gas (450-470 B.Th.U/cu. ft.) and blast furnace 
gas (95-105 B.Th.U./cu. ft.) in the ratio of 1 : 2 givesa 
fuel of roughly the same heating power as producer gas 
and is regenerated in the same way. Coke oven gas, 
when used alone, is suitable in the cold condition if 
burned with preheated air. The latter practice has not 
been favoured in this country since, unlike mixed gas 
firing, furnace design has to be radically altered, and 
this means extensive rebuilding if reversion to producer 
gas firing should become necessary. In recent months, 
limited quantities of fuel oil have become available and 
several furnaces have been converted to its use with 
encouraging results. 

Steel making in the open-hearth furnace involves the 
attainment and maintenance of a temperature level of 
the order of 1,600° C. and, as combustion gases can only 
be effective for heat transfer above the working tempera- 
ture, the necessity for high initial temperature in the 
flame can be appreciated. The open-hearth furnace is 
often subjected to criticism on account of its low thermal 
efficiency (15-20%) but when the fact of high working 
temperature and limited temperature potential is kept 
in mind, the values given have little meaning if judged 
against low temperature applications. On theoretical 
reasoning it can be shown that with the temperature 
limitations imposed by the available refractories the 
maximum possible efficiency in the melting chamber is 
no greater than 40%, and this, together with the high 
surface losses involved, which cannot at present be 
reduced by insulation, shows the process in a fairer light. 

Blast furnace gas with normal preheat to gas and 
air is not capable of developing sufficiently high flame 
temperatures for steel making. In recent years, however, 
the use of blast furnace gas and air enriched with oxygen 
has been suggested and can be produced at a cost which 
would make the practice economically attractive. 
Obviously, the total heat in combustion gases per unit 
volume and, in consequence, the’ flamé temperature 
developed, varies with the quantity of diluting nitrogen 
in the combustion air. From the dynamic point of 
view, flame value is generally assessed by its properties as 
a radiant body, since heat transfer, especially at high 
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temperatures, is almost entirely dependent on the radia- 
tion intensity of the flame and the absorptivity of the 
stock for radiant energy. Appreciation of this fact has 
jed to intensive work on the evaluation of furnace flames 
improvement in their emissivity characteristics. 

The use of cold, rich fuels (coke oven gas and fuel oil) 
as alternatives to producer gas is practically restricted 
to the basic process since they contain appreciable 
quantities of sulphur compounds, principally hydrogen 
sulphide which, in the acid process, would cause sulphur 
contamination of the steel. Producer gas also contains 
hydrogen sulphide but, in the process of regeneration 
the dust deposits in the regenerators exert a scrubbing 
effect and the sulphur content is considerably reduced. 
On reversing the gas direction, which is done three to 
four times per hour, the exhaust gases passing through 
the gas regenerators remove the sulphur from the dust 
and, in a sense, reactivate it. This action is very marked 
in the basic furnace where the dust deposits show a 
high percentaze of lime, and it is believed that the iron 
oxide deposits in the acid furnace are also effective. 

Rapid progress in furnace design has been made in 
recent years with a distinct tendency towards the use of 
larger units. This is especially so in fixed furnaces which 
are now being constructed in nany plants with 100 to 
200 tons tapping capacity. The large capacity shallow- 
hearth furnace is found to be the fastest worl ing unit 
for high scrap burdens where the metallurgical load is 
low, while tilting furnaces of from 300 to 400 tons 
capacity are favoured for burdens containing over 
50% of hot metal. 

Furnace design has developed in the direction of 
increased burning rate per unit of capacity with burner 
blocks and roof profiles arranged to give the most 
effective conditions for heat transfer. Apart from the 
influence of flame quality in promoting efficiency of heat 
transfer from the flame to the stock, this factor is 
affected by the speed of combustion, flame direction and 
location relative to the furnace hearth, which are 
functions of furnace design. There are certain other 
influences, such as the quantity of primary air used 
relative to the amount of fuel, static pressure conditions 
over the hearth and the quantity of infiltrated air, but 
these are rather problems of operation and control than 
furnace design. Waste-heat boilers, fitted with large 
capacity induced draught fans, are now accepted as 
standard equipment in modern plants. 

As already stated, the production rate is subject to 
the limitations imposed by the refractory materials 
especially those forming the working chamber of the 
furnace. Refractory behaviour in the open-hearth is a 
very complicated problem and trials are continually in 
progress to determine the many factors influencing 
performance in the various parts of the furnace and to 
establish the most suitable materials and construction 
methods for each. Protection of certain critical areas by 
water cooling is now accepted practice but is restricted to 
the minimum because of the severe heat losses involved. 

Acid Practice.—The decline in acid open-hearth steel 
production may be attributed principally to its inability 
to compete with the basic process on a price basis for 
the normal range of commercial steels. This is wholly 
due to the high cost of burden which, since the process 
does not effect any reduction in sulphur and phosphorus, 
must be very carefully selected. The phosphorus 
balance shows 100% recovery in the steel while the 
sulphur is usually slightly in excess of this figure due to 
augmentation from the furnace gases. 
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The metallic burden depends on the grade of steel being 
produced and on the composition of the iron used, but 
is usually in the region of 50-60%, of steel scrap of known 
purity and the balance of haematite iron. Apart from 
the essential conditions of low sulphur and phosphorus 
content, certain other factors in iron composition affect 
the success of the process. A high content of manganese 
(up to 3%) giving an average burden manganese of 
about 1% is now regarded as beneficial whilst the 
average silicon in the burden is preferably in the region 
of 0-9-1-0°,. In normal practice, no additional fluxes 
are charged, the oxides of silicon and manganese with 
some oxide of iron forming the slag at the melt-out stage. 
The proportions of silicon and manganese in the burden 
determine, therefore, the slag volume and influence its 
composition. Of some importance in this respect is the 
effect of high burden manganese in the production of 
clean steel. Silicon and manganese oxides which are 
formed during melting do not entirely rise clear of the 
metal to form the slag but may remain partly in suspen- 
sion in the form of finely divided non-metallics. Their 
elimination depends on several factors of which tempera- 
ture, particle size, fluidity and agitation of the metal are 
perhaps the most important. 


From the standpoint of quality, acid open-hearth steel 
has deservedly a very high reputation and is favoured 
for many high duty forgings and castings. The process 
is subject to accurate control of the decarburising rate 
and metal condition due principally to the fact that the 
composition and physical condition of the slag, on which 
these factors depend, can be adjusted with this object 
in view ; there is no necessity to carry highly oxidising 
conditions in the slag to the end of the refining period. 
In basic practice, on the other hand, the oxidising 
power of the slag throughout the process has to be main- 
tained at a level sufficiently high to avoid reversion of the 
phosphorus from the slag to the metal. Most steel 
makers now agree that a vigorous boil, that is, a high 
rate of decarburizing, is desirable over the greater part 
of the refinining operation followed by a lower rate 
toward the end of the process. The vigorous boil under 
a well-formed slag and at correct temperature not only 
assists in the elimination of the finely dispersed non- 
metallic matter due to the physical agitation of the 
metal giving free contact with the slag, but is also the 
primary agent in the elimination of gaseous occlusions 
which affect steel quality to a marked degree. 


High decarburizing rate implies a high content of 
FeO in the metal, as for a particular temperature and 
carbon concentration the one is a measure of the other. 
In acid steel making the rate of carbon removal can be 
reduced to zero by adjustment of the slag to give a 
very low value to the FeO content of the steel. This is 
indicated in practice by an increase in the silicon and 
manganese content of the metal which shows that 
deoxidation is in progress. Internal deoxidation is 
considered to be better from the metallurgical point of 
view than “shock” deoxidation brought about by 
additions of strong deoxidizing agents such as silicon or 
aluminium. In the true sense of the term, deoxidation 
means the removal of oxygen from the steel and not the 
conversion, by the addition of easily oxidized elements, 
of active oxide (FeO) to other oxides (Si0,, MnO, Al,O,) 
which are more stable in contact with carbon at high 
temperature. This deoxidizing aspect of steel-making 
has been closely studied in recent years and improved 
agents for “shock’’ deoxidation have been made 
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available which are of benefit in producing fluid, and 
therefore more easily removed, deoxidation products. 

These remarks should not be taken as suggesting that 
complete oxygen removal is desirable for all types of 
steel since steel-making conditions must be adjusted to 
suit the properties required in the steel being manufac- 
tured. As examples, “rimming steel’’ is purposely 
tapped in an oxidized condition while steels of “ inherent 
fine grain,’ now being specified, require a steel with 
sufficient residual FeO so that, on killing with alu- 
minium, a dispersion of solid Al,O, particles will be 
formed which provide nuclei for the crystallization of 
iron in fine grains. 

Basic Practice-—From the standpoint of quality, 
basic steel proved its value during the war years, when 
it was used successfully for the manufacture of armament 
and aircraft grades which were formerly considered as 
the prerogative of the electric and acid open-hearth 
processes. Its success in this field was due to technical 
developments in manufacture, arising from researches 
into the fundamental principles of the process which 
have given a more complete understanding of the many 
factors and variables influencing quality. 

A disadvantage associated with steel making by the 
open-hearth processes is the intermittent delivery of the 
furnace product which, without a successful system of 
staggering tapping times in the melting shop, necessi- 
tates large soaking furnace capacity to act as a buffer 
between the casting shop and the rolling mills. With 
the present system of week-end shut-down in steel 
works, which usually means all furnaces commeucing 
the week at the same stage of operation, correct 
scheduling is difficult to achieve. To provide a delivery 
rate of ingots more suited to works’ reqmrements, the 
Talbot continuous process was developed about fifty 
years ago with the introduction of the large capacits 
tilting furnace. As originally conceived, the method 
involved tapping from a bath of refined steel roughly 
25% of its volume, removing the greater part of the slag, 
and then adding to the furnace sufficient molten pig 
iron to yield a weight of steel equal to the weight tapped. 
Flux and ore additions were made with the molten iron 
and the time interval between taps was considerably 
shortened as compared with normal practice, being onlv 
the time necessary to bring the slag into proper condi- 
tion, raise the bath to working temperature and boil to 
the specified carbon content. 

The process, in spite of many obvious advantages, has 
now been almost completely discarded in plants in this 
country working tilting furnaces on high hot metal 
percentages. Preference is now given to the more normal 
method of tapping almost the entire quantity of refined 
steel from the hearth, leaving only a thin layer to give 
some protection to the hearth lining. The reasons given 
are essentially economic ; with the latter system ingot 
output per furnace is higher and greater quantities of 
steel scrap can be worked giving reduced metallic 
burden cost. 

Successful operation on a high scrap burden can only 
be accomplished where efficient mechanical equipment 
is installed for the rapid handling and transfer of the 
raw materials to the furnace. The handling problem 
varies usually with the percentage of scrap used, since a 
large proportion of market scrap is of low packing 
density and this influences the amount of mechanical 
work involved in the transfer of a unit weight of burden 
to the furnace. 

Attempts have been made in this country to reduce 
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the quantity of pig iron necessary to give correct bath§ 


melt conditions by its replacement in part with extra 
scrap and coke. The extra scrap used is deficient in 
reducing elements relative to the pig iron it replaces, 
and this deficiency is made good by the introduction of 


coke, the amount being fixed in terms of equal oxygen #i - 


equivalent by weight. A factor must be applied to the 
weight of coke to convert the total carbon to effective 
carbon, since a considerable quantity is lost during 
charging. Several reports of open-hearth charges 
working on 100°, scrap have been published during the 
war years in America, a recent one giving an account 
of practice using graphite and detailing a comparaiive 
cost with a conventional 60 : 40 charge. 

Correct steel making in the basic furnace demands 
strict adherence to certain well defined rules regarding 
temperature and slag condition. Fluidity and chemical 
composition of the slag are of first importance in the 
control of steel quality and in this direction much progress 
has been made in the past few years. Slag control aims 
at the production of the minimum quantity of slag to 
ensure a desired metal composition in respect to the 
content of sulphur, phosphorus and oxygen. Sulphur 
and phosphorus are distributed between the metal and 
the slag in a manner subject to several controlling factors 
but the prime requirement in their elimination to speci- 
fied amounts is the production of a definite type of slag 
for any desired condition. 

The basic open-hearth process is recognised as a 
method of steel making for high rates of production 
under widely varying conditions of burden and metal- 
lurgical load. Modern trends are towards the restriction 
of the amount of metallurgical work necessary and aim 
at utilising more completely the advantages of the process 
for quality refining under more favourable conditions. 
In plants using high proportions of hot metal the mixer, 
originally a furnace of large capacity to provide storage 
for molten iron and level out variations in composition 
of the supplies from the blast furnaces, is now being 
used more as a primary refining furnace. At present, 
substantial silicon removal is made, but it is highly 
probable that a technique will be developed for removal 
of phosphorus also, which will lead to considerable 
improvements in hot metal practice. 

The Authors wish to express their thanks to the 
directors of Colvilles, Ltd. and associated companies for 
permission to publish this paper and to colleagues for 
their assistance and helpful criticism. 


Ir is with great regret that we record the death of 
Dr. J. H. Donaldson, A.1.C., F.I.M., for many years 
head of the chemical and metallurgical departments of 
Scotts’ Shipbuilding & Engineering Co. Ltd., Greenock. 
A native of Falkirk, Dr. Donaldson graduated at 
Edinburgh University and subsequently gained his 
metallurgical experience at Colvilles & Beardmores. He 
joined Scotts’ Engineering & Shipbuilding Co. in 1918 
and was responsible for considerable research work ; his 
thesis on the heat-treatment of cast iron in 1928 gained 
him his Doctorate. Among his awards and distinctions 
are included a Carnegie Research Scholarship and the 
Oliver Stubbs gold medal of the Institute of British 
Foundrymen. 

Dr. Donaldson was a member of the Cotincil of the 
Irecn and Steel Institute, a member of the Institute of 
Metals, and an associate member of the Institute of 
British Foundrymen, He contributed continuously to 
the literary pages of this journal. 
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Corrosion is 


No Accident 


By Major H. E. Smith, Jr. 


STUDY on corrosion has been 

made on eighty C-47 type 
aircraft assigned to the reparable 
aircraft pool at Biak Air Depot, 
Netherland East Indies. The flying 
time of these planes ranged from 1,065 
to 3,426 hours ; the average time being 
2,464 hours. 95% of the planes 
arrived in the Southwest Pacific Area 
with less than 100 hours total aircraft 
flying time. Both types of corrosion, 
normal eating away or pitting, and 
intercrystalline, were encountered in 
varying degrees of intensity on all 
aircraft studied. 

An attempt was made to correlate 
the amount and severeness of corrosion 
encountered with the number of flying 
hours on the aircraft and/or the 
number of flying hours in the South- 
west Pacific Area. A comparison was 
also made of intensity of corrosion and 
number of months in the area. No 
satisfactory results were obtained ; 
aircraft with only 2,000 hours were 
found to be more extensively corroded 
than those with 3,000 hours. Similarly 
the number of months in the area had 
no appreciable effect on the intensity 
of the corrosive action. The reason for 
an attempted comparison was the 
extreme humidity, night moisture, and 
rainfall, encountered in the Southwest 
Pacific, and further, since it is positively 
established that corrosion is caused by 
moisture in the air. There is no at- 
tempt to disprove this fact, but 
generally speaking, the amount of 
moisture present was not the contri- 
buting factor to the amount of cor- 
rosion encountered. The cause of the 
trouble was definitely determined to be 
a lack of proper maintenance and 
inspection. The small amount of flying 
time and the uniformity of corrosion 
evidenced, regardless of the amount of 
time exposed to the moisture condition 
of this area, plus the small amount of 
corrosion on a few aircraft where 
maintenance has been acceptable, 
give definite grounds for this statement. 

Conclusions as reached are that 
although the extreme moisture content 
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in the air caused the corrosion to 
develop as rapidly as it did, the primary 
reason for the corrosion getting its 
start and continuing its destructive 
work was entirely lack of maintenance 
by using organisations. If applicable 
instructions had been followed, there 
is no doubt that corrosion would not 
have been in evidence in the short 
number of hours and months flown. 
Inadequate maintenance caused the 
premature loss of approximately 70 
C-47 aircraft that have been turned in 
to the Biak Air Depot during the last 
6 months. 


After a close inspection, 13 of the 
aircraft turned in were, it was con- 
sidered, economical to repair, with an 
expenditure of approximately 2,000 
man-hours each. An estimated 40°, 
of this time was directly attributed to 
corrosion. The remainder of the air- 
craft were uneconomical to repair at 
this base and subsequently were 
salvaged. The damage caused by 
corrosion was of such extent that the 
facilities, both equipment and man- 
power, were not available for repair. 


Corrosion found on __ inspection 
of C-47 aircraft was localised in six 
general areas. These were: (1) inner 
wing flaps on both right and left wings ; 
(2) lower skin surface of inner wing aft 
of exhaust port to trailing edge; (3) 
inside surfaces of inner wing from rear 
spar to trailing edge; (4) landing gear; 
lavatory compartment below flooring 
on bulkheads, longerons, skin and 
stringers; battery compartment and 
skin-fuselage aft of station 117. 


When fairing was removed from 
wing attaching angles, severe inter- 
crystalline corrosion was found. The 
left-hand inboard attaching angles 
were corroded at angle butt joints, and 
succeeding areas of corrosion were 
found along the entire length of the 
angle with severity increasing towards 
the trailing edge of the wing. In 
general, the intercrystalline corrosion 
found was on the inboard angle; 
however, 60% of the wings inspected 
had the outboard wing attaching angle 


corroded. Of 13 aircraft repaired, 16 
outer wing panels were replaced because 
of this type of intercrystalline cor- 
rosion. One of the principal reasons 
for declaring the majority of the 
C-47’s non-repairable was this severe 
corrosion of the inboard wing angle. 
Moisture collects readily beneath the 
fairing covering these angles and is 
slow to evaporate, consequently the 
fairing should be removed and the 
angles and wing bolts checked every 
25 hours for corrosion. 

This corrosive action was far enough 
advanced that upon removal of wing 
bolts some were found to be undersize 
and partly eaten away. The heads of 
many rivets were easily snapped off 
with the thumb nail and nearly all 
rivets were corroded to some extent. 
The corrosive action on the rivets was 
intercrystalline, already in an ad- 
vanced state. It was noted during the 
inspection of the 80 aircraft that the 
extremely bad areas of the inner wing 
were all on the left-hand side. Only one 
aircraft had bad rivets on the right- 
hand inner wing. This may be ex- 
plained by remembering the direction 
of rotation of the propellers. Simple 
tests showed that the temperature of 
the left wing was higher than the 
temperature of the right wing on C-47 
aircraft. 

The author concludes that in aircraft 
construction, metals have been de- 
veloped and used that are highly 
resistant to corrosion in themselves. 
Chemical and electrolytic processes 
such as anodising have been developed 
to further aid in controlling the spread 
of corrosion on aircraft. Special 
cleaning materials and processes have 
been devised. Corrosion-preventive 
paints are available for use on highly 
susceptible areas. In short, mechanical 
and scientific aids have been exploited 
thoroughly in the fight against cor- 
rosion ; but regardless of these factors, 
unless proper inspection and main- 
tenance are performed and completed, 
corrosion will set in and destroy. 
Aeroplanes must be kept asmeticulously 
clean as the type of operations being 
performed permits. In the field the 
problem of corrosion and its prevention 
can well be controlled by “‘ keeping the 
aeroplane clean.” 


4 
) 
e 
f 
f 
D 
29} 


Steel Cemented with Copper Alloys 
By F. P. Petters 


OWDER metallurgy produces 

many products with duplex struc- 
tures such as electrical contacts and 
cemented carbides. A new one has 
recently been added which combines 
two of the most important basic 
metals—iron and copper—in a new 
way and gives a material with specially 
useful and production possibilities. 
The new material, called “ Sinteel 
‘G,’” is essentially steel cemented 
with a copper alloy. Low pressing 
pressures are used, the infiltration is 
accomplished by penetrating the steel 
skeleton (pressed from metal powders) 
with the liquid copper, and no sub- 
sequent coining operation is required. 
The final product is virtually pore- 
free and in the as-infiltered state has 
tensile strengths of 25 to 50 tons per 
square inch. It may be quenched 
and tempered or case-hardened, and 
it also has the precipitation hardening 


From Materials and Methods, 1946, Vol. 23, 
No. 4, pp. 987-991. 


properties of iron-copper combinations. 
By heat-treatment tensile strengths 
up to 85 tons per square inch may be 
obtained. On account of its pore-free 
structure the material can be readily 
machined and it can also be decopper- 
ised on the surface to provide a porous 
surface if oil-retaining characteristics 
are desired. 

In the production of cemented steels, 
iron powder or a mixture of iron and 
graphite powders is pressed to final 
dimensions at pressures between 20 
and 45 tons per sq. in., and if the com- 
pact contains carbon it is separately 
presintered at the temperature later to 
be used for infiltration. Compacts are 
then impregnated by contacting their 
lower surfaces with molten copper 
alloy held in specially refractory con- 
tainers while the latter move down- 
wards at controlled speed through a 
vertical continuous furnace designed 
specially for this purpose. The molten 
copper alloy works upwards by capil- 


TABLE I. PHYSICAL PROPERTIES OBTAINED WITH SPECIFIC COMBINATIONS OF 
SINTEEL “G" MATERIALS AND HEAT-TREATMENT. 


Material and Tensile 
General Treatment Heat Treatment Strength Elongation Rockwell 
(After Infiltration) (Time and Tem. Cycles) Tons per sq. in % Hardness 
Steel-copper ; no heat | Presintered, infiltrated, slew or 
treatment. fast-cooled. 31-2-44-5 7-2 B75-100 
Steel-copper; case car- | Infiltrated; slow-cooled to room Core 
burised, quenched and tem., carburised at 870°-955° C., C30-45 
tempered. quenched from 215° C., tempered 53-6-71-4 5-3 Case 
1 hour at 150° C. C50-60 
Steel-copper; combination | Infiltrated, slow-cooled to room 
steel-hardening and pre- | tem., reheated to 800° C., slow- 
cipitation-hardening. |  eooled to room tem., reheated to 58-0-82-5 5-5 C3045 
845° C., water quenched, tem- 
pered 1 hour at 315° ©. 
| 
Steel-copper; combination | Similar to above, but tempered | } 
steel-hardening and pre- | 2 hours at 500° (. | 49-0-64-7 | 54 025-35 
cipitation-hardenng. | 
| 
Steel-copper; combination | Simliar to above but tempered | 
steel hardening and pre- | 1 hour at 600° C, 40-1-51-3 7-4 890-100 
cipitation-hardening. | 
Steel-copper, over tempered | Infiltrated, s:ow-cooled to room 
and over-sged. tem., reheated to 800° C., slow- | 
cooled to room-tem., reheated 35-6-40-1 12-8 685-90 
18 hours at 650° C. | 
| | 
Iron-copper ; no heat | Infiltrated, slow-cooled to room 
treatment. temperature. 22-3-33-5 12-6 | 850-80 
| 
Iron-copper ; case-car- Infiltrated, slow-cooled to room Core 
buri.ed, quenched and tem., carburised at $70°-955° C., 870-100 
tempered. quenched from 815° C., tempered 26-7- 44-5 8-5 Case 
1 hour at 150° C50-60 
lron-copper ; pree’p tat on- | Infiltrated; slow-cooled to room | 
hardened. tem., reheated to 800° C., slow- j 
cooled to room tem., reheated to | 26 -7-55-8 8-3 870-100 
845° C., water quenched, tem- 
pered 1 hour at 315° 0. | 
Jron-copper ; precipitation- | Infiltrated; slow-cooled to room | 
hardened. tem., reheated to 800° C., slow- | | 
cooled to room tem., reheated | 22-3-40-1 18-8 B55-90 


2 hours at 500°-720° C. 


lary action through the interconnecting 


pore network of the compact. The 
impregnated powders are then allowed 
to cool slowly to room temperature 
and are finally given whatever heat- 
treatment they are to receive. 

An ideal infiltrant, which will wet, 
but will not alloy with the iron and 
steel skeleton, is impractical and, as a 
compromise, a copper-base alloy 
(copper containing tin, silicon, chrom. 
ium, phosphorus, etc.) is used instead 
of pure copper. Coarse, gobular iron 
particules must also be used, otherwise 
the capillary network of pores will not 
draw properly or will not be com. 
pletely interlocking. Electrolytic iron 
powder satisfies the latter condition 
but gasses excessively for good infiltra. 
tion. Good results have been obtained, 
however, with a commercially pro- 
duced reduced iron powder specially 
prepared to simulate the structure of 
electrolytic iron. The time for infiltra- 
tion varies with changes in the com- 
position of the iron and steel skeleton 
or of the copper alloy, cementing agent 
and in sizes of the compact and has to 
be properly adjusted if complete 
impregnation is to be obtained when 
the part leaves the container. 

In Table I are given the physical 
properties of these cemented steels, as 
prepared, after heat-treatment and 
after precipitation-hardening. Data is 
also given for cemented iron products 
(that is, those not containing carbon). 
The highest tensile values of steel- 
copper alloy structures are in the 
neighbourhood of 85 tons per sq. in, 
with 3 or 4% elongation after a 
combination of steel-hardening and 
precipitation hardening treatments. 
Tensile values for iron-copper struc- 
tures after precipitation treatment 
approximates to 50 tons per sq. in. 
and 6% elongation. The densities of 
cemented steels are never lower than 
7-8 gram/ce. with up to 35% copper 
alloy as infiltrant. 

With raw materials and infiltration 
procedure under the necessary control, 
dimensional tolerances can be held to 
+ 0-002 or even +0-001 per linear in. 
and this without a coining or sizing 
operation after infiltration and heat 
treatment. The optimum size range 
for products made of cemented steels 
is from 3 oz. to 20 Ib. and the surface 
appearances obtained approximate 
those found on die castings or precision 
castings. The general field of use for 
cemented steels is for large, strong, 
iron-base parts that are difficult or 
impossible to make by normal methods 
because of their requisite strength, 
size or complexity. 
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Volumetric Determination of Manganese 
by Titration with Permanganate in the 
Presence of Fluorides 
By V. M. Zvenigorodskaya and R. G. Gotsdiner 


HE disadvantages of the various 

volumetric procedures for deter- 
mining manganese are detailed. Thus, 
the bismuthate process is unsatis- 
factory in the presence of cobalt or 
chromium ; the Volhard method 
requires the preliminary removal of 
cobalt, close attention to conditions, 
and much time methods based on the 
isolation of MnO, (by means of 
persulphate, chlorate, etc.) are affected 
by the presence of cobalt which causes 
some manganese to be oxidised to the 
heptavalent stage, etc. 

A potentiometric method of deter- 
mining manganese by titrating with 
permanganate in acid medium in the 
presence of fluorides was proposed by 
Miiller and Wale (Z. anorg. Chem., 
1923, 129, 33); this depends upon the 
oxidation of bivalent Mn to trivalent 
Mn, and the function of fluoride is to 
form a complex with Mn*** so that 
the latter is retained in solution. 
Direct determination of Mn is possibile 
in the presence of most other elements, 
e.g., Fe, Co, Cr, W, Mo, V, As, Ni, Al, 
Zn, ete. Miiller and Wale’s method 
suffers from several disadvantages, the 
chief being the necessity of working 
at 80-90° C. in platinum vessels in a 
fume cupboard. Improvements were 
suggested later by Gil’tner (1936) and 
by Avrunina and Zan’ko (Zavod. 
Lab., 1939, 8, 659). A careful study 
of all the factors involved has now 
been made by Zvenigorodskaya and 
Gotsdiner. As a result, they present 
a method which they claim to be 
perfectly satisfactory both for poten- 
tiometric and, provided the amount of 
Mn does not exceed 0-03 g., normal 
volumetric work with visual end- 
point. 

Salts of calcium, magnesium and 
potassium (in large amounts) and 
silica have a harmful effect on the 
titration whether potentiometric or 
volumetric, and in the latter case, 
sodium salts also must be avoided. 
Difficultly soluble salts of the type 
Ca(MnF;), 2MnF, are formed. Flu- 
oride is introduced, therefore, as 
ammonium fluoride. The adverse 
influence of silica is shown in the 
formation of a precipitate of MnO, ; 
it is supposed that silica tends to 
reduce the fluoride concentration 


From Zarod. Lat., 1946, 12, 142; V. M. Zveni- 
gorodskaya, ibid, 152. 
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locally, thus favouring the reaction, 
MnO,’ + Mn** -» MnO, instead of 
NnO,’ + 4Mn** + 8H* — 5Mn*** 
+ 4H,0. 

For pyrolusite or similar ores: 
0-15-1-0g. is heated with 10-20 ml. 
of HCl (sp. gr. 1-19), 2-3ml. of 
HNC, (sp. gr. 1-4) are added, the 
solution is boiled to remove oxides of 
nitrogen, and then evaporated till 
salts separate. residve is 
moistened with 3—5 ml. of HC1, 10-15 
ml. of water are added and the 
mixture heated to complete solution of 


the salts. If there is any insoluble 
matter it may contain Mn; in this 
ease the insoluble is filtered off, 


washed with hot water, ashed in a 
platinum crucible, treated with HF 
and H,SO,, evaporated to dryness, 
and the water extract of the residue 
added to the main filtrate which is 
then evaporated to small volume. 


For slag, 2-5-3 g. are treated with 
30—40 ml. of HCi, followed by 5-8 ml. 
of HNO,. The solution is boiled, 
20 ml. of dilute (1:1) H,SO, added and 
the solution evaporated to fumes. 
The cooled residue is moistened with 
water, mixed, and again evaporated 
to fumes. The residue is then boiled 
with 40-50 ml. of water to dissolve 
MnSO,, cooled, and solution 
together with insoluble matter trans- 
ferred to a 250ml. measuring flask, 
diluted to the mark, and leit to stand. 
For titration, @ 50ml. aliquot is 
pipetted directly from the flask or the 
aliquot is taken from a portion of 
the solution atter filtration. 

For iron-manganese ores containing 
fair quantities of calcium and those 
which are incompletely dissolved by 
acid attack, 2-5-3 g. are heated with 
25-30 ml. of HCl, water is added to 
100 ml., the insoluble filtered and 
washed with water, the filtrate evapor- 
ated to small volume, treated with 
3-5 ml. of HNO,, boiled, then treated 
with 15-20 ml. of dilute (1:1) H,SO, 
and evaporated to fumes. The in- 
soluble matter is ashed in a platinum 
crucible, treated with HF and H,SO, 
and evaporated to fumes. The con- 
tents of the crucible are then combined 
with the residue from the evaporation 
of the filtrate, boiled with 50 ml. of 
water, and transferred to a measuring 
flask. 


As a result of any of these pre- 
liminary treatments there is obtained 
50 ml. of a weakly acid solution con- 
taining Mn** but free from potassium 
salts, large amounts of calcium and 
magnesium, and silica and elements in 
a lower valency state which might be 
oxidised by permanganate. The cold 
solution is transferred to a 200—250 ml. 
beaker (the surface may be covered 
by a layer of paraffin wax but this is 
not essential), 2-3g. of ammonium 
chloride are added, and the solution 
carefully neutralised by means of the 
dropwise addition of ammonia, during 
continuous stirring, until iron or 
aluminium hydroxide starts to pre- 
cipitate or, in the presence of nickel 
or copper, the solution changes colour. 
Then 15 ml. of 4N H,SO, or HCI are 
added, the solution ig cooled to 
8-10° C. and cold water is added to a 
volume of 100-110 ml. The tempera- 
ture at the beginning of the titration 
must not exceed 10°C. The solution 
is stirred during the gradual addition 
of 6—6-5 g. of ammonium fluoride and, 
then, without stopping the stirring, 
the manganese is titrated with 0-05 
or 0-1N permanganate potentiometri- 
cally. If it is desired to titrate to a 
visual end-point the solution is titrated 
in a 250ml. conical flask until the 
colour of the solution changes from a 
red-brown to a pure red which does 
not disappear with vigorous shaking. 
The red-brown colour is that of 
trivalent manganese. The presence of 
precipitates of fluorides of iron, 
aluminium, ete. does not interfere 
with the observation of the end-point. 

1 ml. of 0-IN KMnO,= 4-394, mg. 
of Mn. 


Baking Cores Dielectrically 
By J. McEtcin 


baking of cores—a 

new developmint which offers 
po sibilities of markedly speeding up 
production in the core room—com- 
prises a high frequency electronic 
method of heating which permits the 
extremely rapid curing of cores made 
with resin-type dry binders. With 
baking time by this process reduced 
to a matter of seconds or a few 
m-nutes, it is pocsible to adopt the 
method to mechanisation, placing 
green cores On a conveyor, passing 
them through a heating chamber 
between two electrodes at a _ pre- 
dct-rm ned speed according to the 
mass of the core and taking them off 
at the other end ready for ure. 


From The Foundry, 1946, Vol. 74, No. 
pp. 114-116, 288 and 290. 
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Dielectric heating results from the 
electrical stress set up in core molecules 
when current is reversed 20 million 
times per second between two elec- 
trodes. Heat is distributed uniformly 
throughout the mass of the core which 
is placed in this high frequency field. 

In contrasting this heating system to 
conventional oven drying, it is first 
necessary to consider the differences 
between the two methods. Sand cores 
are poor conductors of heat and when 
placed in an oven on racks, the heat 
penetrates slowly from the outer 
surface into the core interior, so that 
thick cores require more time than thin 
sections to dry. When cores have 
thick and thin sections there is a danger 
of burning or overdrying the thin part. 
while allowing time for thicker section 
to dry throughout. Hot spots may 
also occur in core ovens unless burners 
are properly spaced and circulation of 
air provided to distribute heat uni- 
formly. With dielectric heating, cores 
are placed on a slab which is placed 
on the conveyor (or if not a mechanised 
installation on the lower electrode). 
In 10 seconds to 10 minutes, depending 
on the thickness and bulk of the core, 
drying is complete and the core is ready 
for use. 

Speedy baking of cores by dielectric 
heating is also assisted by the adapt- 
ability of newer type dry core binders 
based on synthetic resins, plus syn- 


thetic curing or drying agents. Oil-type 
binder, generally used for core-making, 
eure by oxidation or polymerisation 
of the oil, a slower time-temperature 
reaction. A longer time is required to 
drive off the moisture and raise the 
temperature of the oil-sand mixture 
to a point where the oil is polymerised 
or oxidised, although recent develop- 
ments in polymerised core oils- have 
resulted in reduction of that time. 
Thermo-setting resins, however, cure 
so rapidly that the time element can 
be disregarded and the residual heat 
remaining in the core finishes the 
reaction after the moisture is driven 
off. Therefore, although heating oil- 
sand cores by the dielectric method is 
quicker than by the conventional oven 
method, such cores require much more 
time than the cores made with resin- 
type binders. 

In general, the advantages obtained 
in the use of thermo-setting resin 
binders baked dielectrically are that 
there is perfect control of time and 
temperature with no under-or over- 
heating. Good green strength is 
obtained without the necessity of using 
ceral, there is no objectionable odour 
or smoke, and no. gassing, thus 
eliminating blowholes. Cores baked 
dielectrically also hold to required di- 
mensional tolerances, and show a high 
surface hardness and tensile strength. 


v= hardenability of four series 

of plain carbon steels containing 
0-40, 0-52, 0-63 and 0-75% carbon 
respectively, each series prepared by 
adding graded amounts of boron to 
adjacent ingots, was compared. The 
steels selected for investigation were 
from four commercial open-hearth 
heats. The first steel contained 1- 25% 
manganese and the other three 0-86, 
0-87, 0-71% manganese respectively. 
To the first series of steels, boron was 
added in the form of grainal, an iron- 
titanium-aluminium-manganese alloy 
containing zirconium, silicon and small 
amounts of boron (0-17-0-69%), to 
provide six ingots of different boron 
content ranging from 0-0004—0-0016 %. 
In the 0-52% carbon steel the boron 
content ranged from 0-0004 to 0-0013% 
and was added in the form of grainal, 
while in the 0-63% carbon steel, 


From American Society for Metals, 1945, 
Preprint No. 10, pp. 1-39. 


Factors affecting the Hardenability of 


Boron-treated Steels 
By R. A. Grange and T. M. Garvey 


0-0018% of boron was added as 
ferroboron. The amount of boron in 
the 0-75% carbon steel was 0-0029%. 
Hardenability was determined by 
means of the standard end quench 
(Jominy) test in accordance with 
A.S.T.M. specifications, all test-bars 
being austenitised at about the tem- 
perature usually recommended for each 
type of steel. 

In all the steels hardenability was 
increased by boron, although it was 
also raised somewhat by the addition 
of grainai without boron. The increase 
due to boron was greater the lower the 
carbon, at least to 0-4%, and it ap- 
peared to approach zero in hyper- 
eutectoid carbon steels. The increase 
in hardenability produced by boron 
was greatest when the austenitising 
temperature was 845°-870°C., as is 
ordinarily used in practice, and it 
became gradually less for higher aus- 
tenitising temperatures and tended to 


"approach zero when the latter wa 


1,095° C. In a given steel the increagay 
in hardenability was roughly parallg 
to, but did not correlate well with th 
percentage of boron as determined by 
chemical analyses of the steel. In @ 
given steel, however, the increase of 
hardenability correlated fairly- 
with the amount of a “boron comm 
stituent” which is microscopically 
visible as a row of fine dots at tha 
austenite grain boundaries, when thea 
steel was carefully heat-treated in ga 
special way. This precipitate was nog 
observed if the boron content by 
analyses was less than 0-0004%, but 
when the boron by analyses was about 
0-001% or higher, dots may appear ag 
a band resembling a eutectic or ew 
tectoid aggregate. When more thag 
0-0035% boron was present, thig 
constituent appeared after austenitising 
at temperatures ordinarily used iq 
practice and so might occasionally be 
evident in commercially heat-treatedy 
boron steel. 

When a boron treated steel wag 
heated at a very high temperature for™ 
a very long time, the increase of 
hardenability due to boron gradually 
diminished and finally disappeared and§ 
was not restored by any subsequent™ 
heat-treatment of such a homogenised 
steel. Under this treatment the 
characteristic ‘‘ boron constituent 
also gradually disappeared, although 
boron content, as measured by an- 
alyses, remained unchanged. It ig 
possible that some part (or all) of 
the efficiency of boron in enhancing 
hardenability might be lost when the 
steel is heated for rolling or forging. 

Addition of boron as grainal to the 
0-40 and 0-52% carbon series lowered 
the temperature at which austenite 
grains coarsened in a given time. With 
increasing boron content the grain@ 
growth behaviour became more and Wim 
more like that of steel which was not 
aluminium-killed, but this coarsening 
was only a minor factor in relation to 
the extra hardenability developed in 
presence of a minute percentage of 
boron. 

Certain modes of heat-treatment 
develop in boron steels, recognisable 
differences in microstructure as com- 
pared to comparable boron-free steel 
similarly treated. In the martensitic- 
pearlitic zone of end-quenched bars 
used for measurement of hardenability 
the austenitic grains were outlined by 
pearlite in absence of boron, but not in 
boron steel. After austenitising at 815 
-870° C., the presence of boron in- 
creased greatly the number of 
undissolved particles. 
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